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Smash—Use sledges, axes, handaxes, pickaxes, hammers, 


Burn—Use gasoline, kerosene, oil, flame throwers, incendiary 
grenades. 


. Explosives—Use firearms, grenades, TNT. 


. Disposal—Bury in slit trenches, fox holes, other holes. Throw 
in streams. Scatter. 


USE ANYTHING IMMEDIATELY AVAILABLE FOR 
DESTRUCTION OF THIS EQUIPMENT 


__WHAT—1. Smash—Tubes, meter, transformer, rotary switches, and 
S93 . cabinet. 


Mee 3 Burn—Cables, cords, circuit diagrams, instruction books, etc. 
4. Bend—Panel and chassis. ; 


‘ es 5. Bury or scatter—All equipment. 


DESTROY EVERYTHING 


SAFETY NOTICE 


Voltages as high as 6,000 volts may be used in the operation of this 
equipment. These voltages are dangerous to life. Follow the procedures 


given in paragraph 12 when making voltage measurements. 
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DESCRIPTION 


Section I. 


~ 


Tube Voltmeter (Precision Model EV-10-MCP) (fig. 1) is a 
ion test instrument designed to measure voltage, current, and 
nce. All measurements are registered on a single, multiscaled meter. 
multirange tester is accurate to 3 percent for direct-current (d-c) 
id 5 percent for alternating-current (a-c) readings. 


| “3 “that measurements may be made Sftout appreciably loading the circuit 
ae under test. 


| __ b. RESISTANCE MEASUREMENTS, The VTVM circuit, with slight modi- 
fications, is also the basic circuit for the resistance tests. Six ranges cover 
a series of resistance values between 0 and 2,000 megohms (megs). 


_¢. D-c CurRENT MEASUREMENTs. There are seven ranges over which 
-d-c current values between 0 and 12 amperes are measured. For these 
tests, the meter and a special set of resistors are used. 


‘d. A-c VoLTAGE MEasurEMENTS. A-c voltage between 0 and 6,000 volts 
may be measured over eight ranges. A copper-oxide rectifier limits 
measurements to a-c voltage at frequencies below 8,000 cycles per second. 


e. DecIBEL MEASUREMENTS. The a-c voltage measurements circuit is 
also used for decibel measurements between —26 and +70 decibels (db). 
The meter has a specially calibrated scale on which db readings are taken. 


f. Output Tests. The a-c voltmeter may also be used as an output 
meter. An OUTPUT pin jack terminal on the front panel of the instru- 
ment is used for output tests. 


g. D-c VoLTMETER (1,000 oH MS PER VOLT). Measurements between 
0 and 6,000 volts may be made over eight d-c voltage ranges without con- 
‘necting the equipment to an a-c power source. In this case, the VT VM 
circuit is not used. The meter, together with suitable resistors, is connected 
in a conventional d-c voltmeter circuit. The input resistance for this type 
of operation is 1,000 ohms per volt. 


” 


Resistance. ranges. ...s0.s.0.-+.+20s2,. 0° to 2,000. ohmene 
rs 0 to 200,000 ohms 
O to 2 megs, 
0 to 20 megs, 
0 to 200 megs, 
0 to 2,000 megs. 


D-c current ranges ...+-++++++++++++4++.+0 to 0.6 ma, 

0 to 3 ma, gat 
0 to 12 ma, 

0 to 60 ma, it 
C to 300 ma, ; 
0 to 1,200 ma, 

0 to 12 amp. 


es 


: Sem iecibel Tanges. +... sce eee v cece sess vcess--20 to +4 db, 
ees —20 to +10 db, 
—14 to +16 db, 

0 to +30 db, 
+14 to +44 db, 
‘ +20 to +50 db, 
+26 to +56 db, 
+40 to +70 db. 


Output tests: Same as a-c voltages above. 
Frequency range for a-c voltage measurements... Up to approximately 
8,000 cycles per 


second. 
Accuracy : 


Bee voltave: measurements...:........5... 3%. 
memevaitage measurements. ..2. 00... 5.2...99% 
RIPE LDCS) os ics chp i ices ok. au 
Mee, iad Lepr ee es aw eee 110 to 120 volts; 50 to 


60 cycles alternating 
current. 


: PR t bi 
VEY M.- OMS 


600 V ———— +40 DB —- 209021200. A 
300 V.———- +3 408 ——> ey nn TOOMM 390 ma 

2 MEOS. soma 
mee LO MESS. A 
ena BOD MEGS, 3 MA, 


2000 MEGS. __ SMA 
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Hs 3. Description on Major eenpet nts 


sie panel (is Ze pilene it on both sides are 13 red and black y 
type pin jacks to which the test leads are connected, and the V WV 


and decibel readings. Two control knobs, in the ewer right- hata corne 
the OHMS ZERO ADJUST, and the V.T.V:M. ZERO ADJUS iam 
used to adjust the pointer of the meter for VT VM measurements. There 
are two knobs in the opposite corner : the OHMS ZERO CHECK and the 
CIRCUIT SELECTOR. The OHMS ZERO CHECK switch is used to. 
make meter zero adjustments for resistance ranges, and serves as the a-c 
power switch for the VT VM circuits. The CIRCUIT SELECTOR switch — 
connects the proper circuits for the measurements circuits, 


4. List of Components 
The following table gives the weights and dimensions of the major com-— 
ponents of the multirange tester. 


Note. This list is for general information only. See appropriate publications for infor- 
mation pertaining to requisition of spare parts. 


a. EQUIPMENT SUPPLIED. 


Dimensions (inches) | Unit 
Quantity Name of component =a eee tee 
Height | Width |] Depth | Length Cb.) 
Vacuum tube voltmeter (Pre-| 12% 1134 7 | i 17 
cision model EV-10-MCP). 
1 |Circuit isolating VTVM cable} .... | .... as 35 0.5 | 
1 Standard VT VM andohmcable| .... ra: x oh) 0.5 «A 
1 Set of standard test leads (1| .... dia or 36 0.5 | 
black, 1 red). : 
1 Set of spare tubes: ates Bole ae iy 0.5 
JAN-OD-3/VR-150 
JAN-6X5 
JAN-6C5GT/G 
2 TEM TA 2655 seebeaaals os deat he» 9 5% eee fs 0.5 


b. EQuIPMENT REQUIRED BUT NOT SUPPLIED. 


/ | Unit Weight 
Quantity | Name of component * (1b.) 


4 | Batteries BA-30 | 1 


INSTALLATION AND ASSEMBLY 


ction Il. 


es 3 
packing and Checking 


Dy. Open the top of the outer carton and remove the carton from the 

GuWOX, = 

: ‘A (5) Lift the moistureproof vaporproof bag from the outer carton. 

es (6) Open one side of the bag and pull out the inner carton. 

% 2 (7) Open the top of the inner carton. 

eS ‘ m8) Remove the dunnage and carefully lift the instrument from the 
~ inner carton. 


b. CHECKING. (1) Inspect the instrument thoroughly to see if it has 
been damaged during shipment. 

(2) Check the components against the master packing slip and the list 
of components in paragraph 4. 

(3) Remove the 12 screws around the front panel and lift the chassis 
from the cabinet. Then make sure that all vacuum tubes are set securely 
in their proper sockets. 


Note. Do not remove the protective varnish from any part of the equipment. It is 
Mg :ére to safeguard the set against moisture and fungus growth. (See Sec. VIII.) 


7. Installation and Assembly 


a. Tuses. The multirange tester is packed with the operating tubes 
installed. 


b. BATTERIES (fig. 3.) Space is reserved inside the cabinet for four 
Batteries BA-30, or equal, used in the resistance measurements circuit. 
Install batteries as follows: 


(1) Remove the chassis from the cabinet after taking out the 12 screws 
along the edge of the front panel. 


BRASS PLATE ON RED WIRE OF 
OHMMETER CIRCUIT IS INSERTED 
BETWEEN WOODEN BLOCK AND 
POSITIVE TERMINAL OF DRY CELL. 


i\ 


| BATTERIES | 


IB Ac LINE CORD 


WOODEN : : RUBBER * 
BLOCKS GROMMET 4a 


2 


_. TL51846-S 
Figure 3. Battery compartment. 


(2) Remove the wooden holding strip on the back inside panel of the 
cabinet after taking off the two nuts which fasten it in place. 


(3) Solder the red lead extending from the chassis to the positive 
terminal (brass terminal) on one of the batteries. (See note below. ) 


(4) Insert the battery into the groove so that the positive soldered 
terminal (or the metal plate on the red lead) rests against the right-hamd 
wooden block. 


(5) Insert another one of the batteries into the groove so that its nega- 
tive terminal rests against the spring in the lower left-hand corner of the 
cabinet. 

Note. On some equipments, a metal plate is already soldered to the end of the red lead. 
In this case, soldering is unnecessary. 

(6) Place the other two batteries in the groove in the positions which 
will electrically connect the batteries in series (positive terminal of one 
battery against negative terminal of the adjoining battery). It may be nec- 
essary, when inserting the last battery in place, to press hard against the 
spring to make room for all four batteries. 


ry 


ong plug on the ae Se SY ies 
VM. PROBE socket on the front Se, ae 


| and IV before apne this equipment. 


irom the a-c power source. If the equipment is to be stored for a 
ceeding 2 weeks or if it is to be shipped to a new location, care- 

-k the components into the wooden container from which they 

oved, Follow the unpacking procedure in reverse (par. 6). 


R emove dry-cell batteries from He cabinet whenever the equipment is stored 
ved from service for an extended period of time, 


PART TWO. 


OPERATING INSTRUCTIONS 


Note. For information on destroying the equipment to prevent enemy use, see the 
destruction notice at the front of the manual. 


A 8 
D.G. VOLTAGE SCALE. ALE  VIVM D-C 
{1,000-OHMS PER VOLT) eee ee VOLTAGE SCALE 


‘3 


; Ss i Cc 
| DECIBELS SCALE : AG.VOLTAGE 


Figure 4. Meter Scales. 


Section II]. PREOPERATIONAL PROCEDURES 


9. Starting Vacuum Tube Voltmeter (figs. 2 and 4) 


Before using the equipment, carefully read the operating instructions (part 
two). The components are delicate electrical instruments and must be 
handled with care. Pay particular attention to all cautions; they are in- 
serted to guide the user and to protect the equipment. Check the over-all 
operation by following the procedure outlined below. /f any abnormal. re- 
sults are obtained, see section X. 2 

a: Step 1\\Rotate the CIRCUIT SELECTOR switch#tamy-. vans 
OHMS. 

b. Step 2. Rotate the OHMS ZERO CHECK switch to LINE OFF. 

c. STEP 3. Set the master-range selector switch at the 3V. position. 


2 Ne ever Pence: this adjustment rise the OHMS ZERO 
‘itch i is first rotated to the LINE OFF position. 


ae, “O) Watch thé meter for approximately 1 minute. During this time the 
: pointer will slowly move along the scale. After the minute has elapsed, 
tee the pointer will remain at or within a few divisions of center-scale zero 
(zero on scale B in fig. 4). If it does not, see h below. 


2 | Caution: If the pointer remains off scale for more than 30 seconds, it 
__ indicates trouble. Immediately rotate the OHMS ZERO CHECK switch 
a ~ to LINE OFF and see section X. 


h. Step 8. Rotate the V.T.V.M. ZERO ADJUST control if necessary, 

to bring the meter pointer to center-scale zero. Clockwise rotation of con- 

| . trol causes the pointer to swing to the right; counterclockwise rotation 
causes the pointer to swing to the left. 

Note. When test leads are connected, see that their terminals are not shorted, ora 
center-zero setting may not be obtained. Never touch leads with fingers when making 
this adjustment. 

1. STEP 9. Rotate the master-range selecter switch to each of the other 
five voltage ranges (6V., 12V., 60V., 300V., and 600V.). The meter 
pointer will remain within one division of its center-zero setting on any 
voltage range. 


_j. Step 10. Rotate the master-range selector switch to the 2,000 
Pi MEGS. position, and then to the other resistance ranges. The meter 
pointer will swing to the right, or off scale to the right, on all ranges. 


k. STEP 11. Rotate the OHMS ZERO ADJUST control until the 
meter pointer rests at the infinity mark (00) on the OHMS scale (00 on 
scale A in fig. 4). 


], STEP 12. Rotate the OHMS ZERO CHECK switch to OHMS 
CHECK position. The meter pointer will swing to the left and within a 
few divisions of the zero mark on the OHMS scale of the meter. While 
holding the switch in the OHMS CHECK position, adjust the V.T.V.M. 
ZERO ADJUST control until the meter pointer rests at the zero mark on 
the OHMS scale. 


Sea ie hia aaa Rice asa een eae ca ee Raa 


EE a eee 


m. Step 13. Repeat Spe 11 and 12 Sore 
rests at the infinity mark of the OHMS scale when the OHMS A 
< 


CHECK switch is released; and at the 0 mark of the OHMS scale) 
the switch is held in the OHMS CHECK position. s 


low range (2,000 ohms) may require slight readjustments because the internal batery 
resistance affects the low-ohm range. : 


. STEP 14. Rotate the CIRCUIT SELECTOR switch to he AC. i 
V _DB. position. The meter pointer will return to the zero mark on the > 
A.C. or D.C. scale (zero on scales C and D in fig. 4). eM 


Section IV. OPERATION 


““G—— ALLIGATOR CLIP 


SCREW-TYPE 
CONNECTOR 


t ye ' 


STANDARD TEST CIRCUIT ISOLATING Pat i 
TEST PROD LEADS CABLE TEST LEADS CABLE JES ee ’ 


ALLIGATOR | 
CLIP 


SHIELD THUMB 
GONNECTION SPRING NUT 
SCREW-TYPE | 
PLUG — = e GONNEGTOR ASSEMBLY - 


___ CONDUCTOR 


INSULATING 
RUBBER 


TEST PROD 
ASSEMBLY . 


RESISTORS 


Bee 
.51645-S 


[igure 5. Test leads. 


Pe tests. 


. 


a all switches are in the proper positions for each test. If ap- 


ed to circuits carrying high current. An are may result which can 
ge the pin jack contacts. 


ei 2 g ie Place the instrument where it will not fall ; bere it will not be struck 
by other objects ; and where it will not be exnosed to moisture or dirt. 


eee ‘Rubber- covered cords must not come in contact with gasoline, oil, or 
me thet petroleum products, or deterioration of the rubber may occur. 


«fj. Turn off the power and remove the a-c line cord when the instru- 
ment is not in use. 


_k. Never force a large plug into a small pin jack. 


|. Controls (fig. 2) 


a. Circuit SeLector Switcu. The 3-position selector switch marked 

- CIRCUIT SELECTOR, in conjunction with the master-range selector 

switch, provides a simplified means of selecting the type of measurements 
the operator chooses to perform with the multi-range tester. 


Note. The multirange tester will not measure a-c voltage with the CIRCUIT SE- 
LECTOR switch in the V.T.V.M. OHMS position unless a vacuum tube probe, incor- 
poraye a miniature Tube JAN-9002, is used. This probe is not normally supplied. 


b. Master- RANGE SELECTOR SwitcH. The range for the particular type 
of measurement to be made is chosen on the center 12-position master- 
range selector switch. Each position corresponds to one of two ranges de- 
pendent upon the type of measurement selected. For example, if the CIR- 
CUIT SELECTOR is set to*®C. V. MA., the outside markings of the 
master-range selector switch apply, When the CIRCUIT SELECTOR 


855467°- 


¢- OHMS ZERO CHEGK Swiren. The OHMS ZERO oe 
special type 3-position selector switch. In positions LINE O } 


turn off the a-c power to the VITVM circuit. This owitel has a puil 


spring which automatically returns the switch to ON when the knol 
released from the OHMS ZERO position. 7 


control sets the meter pointer at the infinity mark (00) on the OHMS * 
scale (fig. 4A). The method of making this adjustment is expe in 
paragraph 9, 


e. V.T.V.M. ZERO ADJUST Conrtrot. The control marked V.T.V.M. wi 
ZERO ADJUST adjusts the meter pointer to zero on the VT VM voltage — i 
scale for voltage measurements (fig. 4B), or to zero on the OHMS scale Reese 
for resistance measurements (fig. 4A). (See par. 9 and 13a.) aS 


f. MecHantcat ZERo-sET ADJUSTMENT. The mechanical zero-set screw _ 
on the meter case is used to adjust the meter pointer to zero on the scales 
marked A.C. and D.C. when the equipment is not in use. (See par. 9d.) 


12. Precautions for Testing High-voltage Circuits 


Certain precautions must be observed when measuring voltages above a 
few hundred volts. High voltages are dangerous and can be fatal. When it 
is necessary to measure high voltages, observe the following rules: 


a. Connect the ground lead to the voltmeter. a 


b. Place one hand in the pocket. This will eliminate the possibility of 
making accidental contact with either ground or another part of the circuit, 
and causing the electricity to travel from one hand to the other. 


c. When voltages to be measured are greater than 200 to 300 volts, 
turn off the power before making any test connections. After the power 
has been turned off, proceed with the tests as follows: 


(1) Connect the test leads to the proper terminals on the meter. 


(2) Connect the opposite ends of the test leads to the points at which 
the voltage test is to be made. 


FUSE GLIPS 


AC LINE CORD - 


Figure 6. Line cord plug. 


® 


(3) Step away from the voltmeter and leads, turn on the power and note 
the reading of the voltmeter. Do not touch any part of the voltmeter or 
leads during the period the power is turned on. 


(4) When the reading has been noted or the test completed, turn off 
the power before removing any connections. 


Caution: Use only high-voltage test leads for voltages over 600 volts, 


change the voltage of a critical eect 


a. V.T.V.M.-OHMS Position. (1) Barone steps 1 ues 9 oft ie 


starting procedure given in paragraph 9. 


(2) Connect the standard test leads to the GND. and = ree 


TESTS pin jacks on the V.T.V.M.-OHMS panel (fig. 2) for the range — 
of voltages covered by the master-range selector switch (up to 600 volts). 

When connecting the leads, insert the red phone tip of the test leads to the 
+ V.T.V.M. TESTS pin jack and the black phone tip to the GND. pin 


jack. 


(a) For the 1,200-volt range, the red tip of the high-voltage test teat St 
is plugged into the red 1200V. pin jack on the V.T.V.M.-OHMS panel, 
and the black tip is plugged into the GND. pin jack. The master-range _ 


selector switch must be set at the 600V. position on the 1200V. range. = 


Readings are taken on the VTVM 0 to 12 scale (0-12 scale B in fig. 4) 
and multiplied by 100. 


(b) For the 6000-volt range, use only high voltage test leads. The black 
tip of the test lead plugs into the GND. terminal and the red tip plugs into 
the red 6000V. tip jack on the V.T.V.M.-OHM panel. The master-range 
selector switch must be set at the 600V. position whenever the 6000V. 
range is used. Readings are taken on the VTVM 0 to 6 scale (0-6 scale B 
in fig. 4) and multiplied by 1,000. 


(3) The meter is now ready to measure d-c voltages. It is not neces- 
sary to observe polarity as zero voltage is in the center of the scale. 


(4) In some cases, it is preferable to use the circuit isolating probe to — 


prevent disrupting tuned signal sections, such as the grids of radio fre- 
quency (rf), intermediate frequency, (if) and audio amplifiers. This p: obe 
is used only for voltage ranges from 3 to 600 volts. 


(5) The d-c voltage measurements chart (VTVM) shows the position 

to selector switches, the test lead terminals, and the meter scale, as well as 

_the meter reading multiplication factor which must be used for each of 
the VIVM d-c voltage ranges, . 


ors 


c' ‘dae 


Be 
a . 


in Malgplcation 
actor — 


i TESTS Ors 9 
= VEE WIM se ie = ee 
PROBE ‘ i 


SS ee 


V.T.V.M. 0-6 1 
TESTS or 

V.T.V.M 

PROBE 


| |  — | 


— | oe | OO — — — | | 


—_—_ | qqqq_“~— i qqqqe ee | —_ 


+1200V. and 0-12 100 
GND. on 
V.T.V.M.- 
OHMS 
panel. 


+600 V. and 0-6 1,000 
GND. on 
V.T.V.M.- 

~OHMS 
panel. 


‘ b. DC. V. MA. Position (1,000 oHMs PER voLT). Unlike the 

—_-Y.T.V.M.-OHMS measurement, this set of measurements does not re- 

quire connection to an a-c power source and the meter pointer is not zero- 

- centered. Instead, the conventional left zero on the meter is used. The pin 

_ jacks under the label AC-DC. VOLTS-DB.-MA. are also used. This 
method of measuring d-c voltage is as-follows : 


(1) Set CIRCUIT SELECTOR to DC. V. MA. position. 


~---—- (2?) «Set the master-range selector switch to one of the selected voltage 
ranges. 


~ie 


(3) Check to see if the pointer reads zero. If not, set it at zero by 
adjusting the mechanical zero-set screw on the meter (par. 9d). 


(4) When using the 3- to 600-volt ranges, connect the black tip of the 
test ‘leads to the — pin jack and the red tip of the test leads to the + pin 
jack on the AC-DC. VOLTS-DB.-MA. panel. These two pin jacks are 
labeled EXTERNAL TESTS. 


(a) For the 1,200-volt range, plug the red tip of the high-voltage test 
lead into the red +1200V. pin jack on the AC-DC. VOLTS-DB.-MA. 
panel. 


Te See 


eld into the red +6000. ‘pin: jk on th 
panel. er 


G5) The Botts are indicated on the meter scales rere oe 
D in fig. 4). rae 


the position of the selector switches, the test fad one and ne me 
scale, as well as the meter reading multiplication factor which must b 
used for each of the 1,000 ohms per volt d- -c voltage ranges, 


D-c Voltage Measurements Chart (1,000-ohms per Volt) 


Me‘er scale Bs. 
: IRCUIT M “Ye Test lead : iplication: 
ae SELECTOR | selector switch fermindls Se ones ES 
see Se ee eee ee | eM ee = 
0-3 DC. V. MA. 3V. EXTERNAL | 0-30 Ole 
TESTS 
0-6 do 6V. do 0-6 : Lag | 
0-12 DC. V. MA. 12V. \|EXTERNAL| 0-12 1 ee 
TESTS Se 
0-60 do 60V. do 0-6 10 
0-300 do 300V. do 0-30 10 ; a 
se eee 
0-600 do 600V, do 0-6 100 a 
0-1200 do 600V. |+1200V. 0-12 100 Bie 
and — on a » 
AG-DG. ue 
VOLTS: ; 
DB.-MA am 
panel ¢ ie. 
0-6000 do 600V. +6000V. 0-6 1,000 a 
and — on P 
KE-DG 
VOLTS- Fd 
DB.-MA. 
panel 


14. A-c Voltage Measurements (1,000 ohms per volt) 

A-c voltages at frequencies up to 7,000 and 8,000 cycles per second may 
be measured with this meter. The accuracy of the instrument decreases 
rapidly as the frequency increases above 7,000 to 8,000 cycles. For normal 
application, the input impedance may be considered to be 1,000 ohms mul- 
tiplied by the voltage range used (that is, 300,000 ohms when using the 


: Ci in fig. 4). 


Voltage 
range 


A-c Voltage Measurements Chart 


CIRCUIT 
SELECTOR 


Master- range 
selector switch 


: 2) a the 1200V. range, use ie — and +1200V. oe 
(3) For the 6000V. range, use the — and +6000V. jack. 


Note. Only high voltage test leads should be.used when measuring high voltages on 
id 6000V’. range. 


e; _ The readings are indicated on the meter scales marked A.C. (scale 


Meter scale 


n alg ac voltage measure- 


ng “the test lead tips an the proper ae on the AC.-DC.- 
‘S-DB. -MA. panel, 


=i The a-c voltage measurements chart shows the position of the selector 
“switches, the test lead terminals, and the meter scale, as well as the meter 
ne reading multiplication factor which must be used for each of the 1,000 
428 ohms per volt a-c voltage ranges. 


> oe eS eee 


ee | | ee | ||| 


Test lead (scale C in Multiplication _ 
terminals fig. 4) factor 
EXTERNAL 0-30 0.1 
{MOSES 
do 0-6 1 
do 0-12 1 
do 0-6 10 
do 0-30 10 
do 0-6 100 
+1200V. 0-12 100 
and — on 
AC-DC. 
VOLTS- 
DB.-MA. 
panel 
+6000V. 0-6 1,000 
and — on 
AC-DE 
VOLTS- 
DB.-MA. 
panel 


This measurement a the db fever across 500 ae with 6m liv 
(mw) as 0 db. In taking these db measurements make cer ! 


circuit across which the meter is placed is isolated from all Gee 


procedure is used for measuring db level: 


a. Set CIRCUIT SELECTOR switeinta the AC. Be tn 


TESTS pin jacks on the right-hand nes 


d. Use the +1200V. pin jack for the 46 db range and the +6000V. — 
tip jack for the 60 db range, with master- -range selector switch at the Ke 
+40DB position. 


Note. Decibel measurements and a-c voltage measurement procedures are identical ~ 
except for the manner in which readings are taken. x 


c. Read the db level on the DECIBELS scale using the following table. . 


Range | Procedure 
—6DB Read on DECIBELS scale —20 to +10 and subtract 6 db. 

ODB Read on DECIBELS scale —20 to +10. 
+6DB Read on DECIBELS scale —20 to +10 and add + 6 db. 
+20DB Read on DECIBELS scale —20 to +10 and add +20 db. : 
+34DB Read on DECIBELS scale —20 to +10 and add +34 db. P 
+40DB Read on DECIBELS scale —20 to +10 and add +40 db. al 
+46DB Read on DECIBELS scale —20 to +10 and add +46 db. i 
-+-60DB Read on DECIBELS scale —20 to +10 and add +60 db:- — 


Note. The meter scale reading —20 to +10 db is based upon a zero level of 6 mw or 
1.73 volts across a 500-ohm load. Because of calibration,at one definite impedance, 
conversions must be made to the new impedance when used at oher than 500 ohms. See 
decibel conversion table in figure 7 for interpretations of decibel readings in terms of 
power, power ratios, voltage and voltage ratios. 


Power Voltage Volts—Based on 
Level 006 Watt at 0 DB Ratio to 006 Watt at 0 DB in 
DB Watts 0 DB 500 ohms 600 ohms 
ein 0.1000 0.0006000 0.31623 0.5477 .6000 
‘ SS a ee 00007553 .3sasi TAS 6732 
ols oises | _ 0.009809 0.99811 0.6895 
pee 7 oisss 0.001972 0.44668 
ca b>. | 0.2512 0.0015071 0.50119 0.8681 .9509 
See 0.56234 0.9740 
at Sy 0.3981 0.0023886 0.63096 1.0928 1.1972 
ih ea 0.5012 0.0030071 0.70795 1.2262 1.3433 
eee t > . 0.6310. | 0.0037857 0.73433 1 3758 1.5071 
ef _0:7943 0,0047660 0.89125 ee 154975! | Lda, 16910 
CS ea eae 1.0000 0.0060000 1.00000 1.7321 1.8974 
1.2589 0.0075535 11220 1.9434 2 1289 
1.5849 0.0095093 1.2589 2.1805 2.3886 
1.9953 0.0119716 1.4125 2.4466 2.6801 
ee RS 0.0150713 1.5849 2.7451 3.0071 
3.1623 0.0189747 1 7783 3.0801 
[+6 | 39811 | _0.02a8065 4359 
perf Song | 0.030071 2.2387 3.8776 
6.3096 0.037857 25119 4.3507 
DY TE 0.047660 7.8184 
(SS 0.060000 3.1623 6 0000 
Pewee ts 2 | 12 589 0.075535 3.5481 6.1455 
epee aie Le => | 15.849 0.095093 39811 6.8954 7.5536 
fRanIG oes] 5 18.989 0.119716 4668 77368 
eed ee PS 5. 25.119 "0.150713 50119 8 6808 9.5094 
31.623 0.189747 S.6234 10.670 
LS BL 6.3096 10 9285 11.972 
50.119 0.30071 7.0795 12.2620 
eat 1B 63.096 0.37857 7.9433 13.7582 
OPS ea 79.433 0.47660 8.9125 kn Eos 
fase 20-5° | 100.000 0.60000 | 10.0000 17.3205 
renee! 5 | ~ 125.89 0.75535 11.220 
rees222 af 358.49 0.95093 12.589 21.805 23.886 
199.53 1.19716 14.125 26.801 
res 265} 251.19 epee UU 53. | 15.849 
316.23 1.89747 17.783 30.801 
26 398.11 2.38865 19.953 34.559 
27 501.19 3.0071 22.387 38.776 
630.96 37857 25.119 43507 [A760 
ron 295 55 | 794.33 4.7660 28.184 48.816 
1000.00 6.0000 31-623 GRR er a PL al 
1258-9 7.5535 61.455 67.321 
1584.9 9.5093 39.811 68.954 75.536 
1995.3 11.9716 77.368 
2511.9 15.0713 50.119 86.808 95.094 
3162.3 18.9747 56.234 97.400 106.70 
3981.1 23.8865 63.096 109.285 
5011.9 30.071 122.620 13433 
SE BT 37.857 79.433 137 $82 
7943.3 47.660 89.125 184.369 Pic 69s ON 
a 60.000 100.000 173.205 
ener 4} | 12589.2 75.535 112.20 212.89 
42 1$848.9 95.093 125.89 218 0S 238.86 
=e 43 19952.6 119.716 141.25 268.01 
iemeemns4 | 25118.9 150.713 158.49 300.71 
316228 189.747 177.83 308.01 
[46398107 238.865 193.53 345.59 
S018? 300.71 223.87 
Te ada By 378.57 251.19 476,60 
48 79432.7 261.84 
a 600.00 316.25 600.00 
, TLIIS72-S 


Figure 7. Decibel conversion chart. 
855467 °—49 4 


voltage during output tests. The CIRCUIT SELECTOR and ee 


range selector switch settings are the same as for a-c voltage measurements _ 
(par. 14). For the 3- to 600-volt range, plug one test lead tip into the — 
EXTERNAL TESTS jack and the other test lead tip into the OUTPUT a 
jack. The voltage appearing at the points across which the output measure- — 
ments are taken should never be in excess of 600 volts peak when the — 


OUTPUT jack is used. For higher output voltage tests, use the +1200V. 
and +6000V. jacks instead of the OUTPUT jack with capacitors con- 
nected in series with the test lead. Use a 0.1-microfarad (mf) 600 V.W.V. 
series capacitor for the +1200V. range and a 0.011-mf, 5,400 V.W.V. 
series capacitor for the +6000V. range. 


Note. Capacitor voltages are direct current working voltages, 


17. Resistance Measurements 
To operate the megohmmeter proceed as follows: 

a. Perform steps 1 through 13 of the starting procedure given in para- 
graph 9. 

b. Connect the black phone tip of the standard test leads to the SHIELD 
pin jack, and the red phone tip to the HIGH pin jack. 

c. The instrument is now ready to measure resistance. Readings are 
taken on the top OHMS scale and multiplied by the multiplication factor 
which is marked for each range on the master-range selector switch. For 
example, if a meter reading of 10 is obtained when using the 2000-ohm 
range, the resistance will be Rx 1 = 10 x I = 10 ohms, Ii, however 
the same reading were obtained when using the 20 MEGS. range, the 
resistance would be R x 10,000 = 10 x 10,000 = 100,000 ohms, : 


18. D-c Current Measurements 
D-c current measurements do not require any external a-c power source 
because the VITVM circuit is not used for current measurement. 
a., Set the CIRCUIT SELECTOR switch at DC. V. MA. position. 
b. Select the proper current range on the master-range selector switch. 
c. Plug the test leads-into the EXTERNAL TESTS pin jacks (black 
phone tip in the — pin jack and red phone tip in the + pin jack). 


Note. The 12-ampere range has a separate set of tip jacks marked 12 AMPS. When 
using these jacks, set the master-range selector switch to the 1200 MA. position. When 
using the 12 AMP. range, never remove pins from jacks while current is flowing 
through the circuit. Failure to observe this will result in damage to the pin jacks. 

d. Place test leads in series with the current to be measured and read 
the value on the D.C. meter scale (scale D in fig. 4). 

e. The following chart shows the setting of selector switches, the test 
lead terminals, and the meter scale, together with the meter reading mul- 
tiplication factor which must be used for each of the d-c current ranges. 


 1200MA. | 
1200MA. | 12 0-12 


Section V. PREVENTIVE MAINTENANCE TECHN 


19. Meaning of Preventive Maintenance 


at regular intervals on equipment, when turned off, to elinineteh ma najor 
break-downs and unwanted interruptions in service, and to keep the AT 
strument operating at top efficiency. To understand what is meant 
preventive maintenance, it is necessary to distinguish between prevent 
maintenance, trouble shooting, and repair. The prime function of pr 
ventive maintenance is to prevent break-downs and, therefore, the need 
for repair. On the other hand, the prime function of trouble shooting an 
repair is to locate and correct existing defects. The importance of pre- 
ventive maintenance cannot be overemphasized. The entire system of com- 
munications depends upon the readiness and operating efficiency of each — 
item of equipment when it is needed. In a similar manner, the test equip- : 
ment by which this condition of readiness in communications equipment — 
is realized, must be kept in excellent operating condition at all timés. 


Note. The operations in sections VY and VI are user maintenance operations, 


20. Description of Preventive Maintenance Techniques 

a. GENERAL. Most of the electrical parts used in the multi-range tester 
require routine preventive maintenance. However, not all parts require 
the same maintenance, and some parts require more than others. Because 
hit-or-miss maintenance techniques must not be used, specific instructions 
are provided. This section of the manual contains these specific instruc- 
tions and serves as a guide for personnel assigned to perform the six basic 
maintenance operations. These operations are: Feel, Inspect, Tighten, 
Clean, Adjust, and Lubricate. Throughout this manual the lettering system 
for the six operations will be as follows: 


I'—Feel. 

I—Inspect. Pi 
T—Tighten. or 
C—Clean. 

A—Adjust. 


ri euibricate: 


*The Lubricate operation is inapplicable to this instrument. 


ay 


lish the need for the other four. The selec- 

sed on a general knowledge of field needs. For — 

enc untered on dirt roads during cross-country travel 

: equipment no matter how much care is taken to prevent 

d. anges in weather (such as heavy rain followed by blistering 
cessive dampness, snow, and ice tend to cause corrosion of ex- 


_ 0b. Fret. The feel operation is used most often to check rotating ma- 
chinery, such as blower motors, drive motors, etc., and to determine if 
lectrical connections, bushings, etc., are overheated. The use of the feel 
operation on this equipment is confined, however, to checking the tem- — 

perature of the power transformer. 
Note. It is important that the feel operation be performed as soon as possible after 
shut-down and always before any other maintenance is done. 
_c. Inspect. Inspection is the most important operation in the preven- 
tive maintenance program. A careless observer will overlook evidences of 
~ minor trouble. Although these defects may not interfere with performance 
of the equipment, valuable time and effort may be saved if they are cor- 
rected before they lead to major break-downs. Make every effort to be- 
come thoroughly familiar with indications of normal functioning, to be 
able to recognize the signs of a defective set. Inspection consists of care- 
fully observing all parts of the equipment, noticing their color, placement, 
state of cleanliness, etc. Inspect for the following conditions : 

(1) Overheating, as indicated by discoloration, blistering, or bulging 
of the parts or surface of the container ; leakage of insulating compounds ; 
and oxidation of metal contact surfaces. 

(2) Placement, by observing that all leads and cabling are in their 


original positions. 

(3) Cleanliness, by carefully examining all recesses in the units for 
accumulation of dust, especially between connecting terminals. Parts, con- 
nections, and joints should be free of dust, corrosion, and other foreign 
matter. In tropical and high-humidity locations, look for fungus growth 
and mildew. 

(4) Tightness, by testing any connection or mounting which appears 
to be loose. 

d. TIGHTEN, CLEAN, AND Apjust. These operations are self-explana- 
tory. Specific procedures to be followed in performing them are given 
wherever necessary throughout part three. 

Caution: Screws, bolts, and nuts should not be tightened carelessly. 
Fittings, tightened beyond the. pressure for which they are designed will 
be damaged or broken. 


. Vacuum Tubes 


cae Do not work on the tubes” immediately after shut-down. Severe burn S 
result from contact with the envelopes of hot tubes. 


a. Inspect (I). (1) Inspect glass envelopes for corrosion and a ct 
mulation of dirt. . ; 

(2) Inspect the firmness of tubes in their orelcers Press cheat domme 
the sockets and test them in that position. Do not withdraw the tubes part 
way or jiggle them from side to side. Moving a tube weakens the pins 
in the base and spreads the socket contacts. Inspect the sockets at the 
time the tubes are removed. aay 

(3) Do not remove a tube from its socket carelessly. Never jar a tube ee 
while it is warm. ; 

b. TIGHTEN (T). Tighten all loose connections to the tube sockets or 
to the tubes. If the connections are dirty or corroded, clean them first. “e 

c. CLEAN (C). (1) Clean the tubes, but only if inspection shows clean- 
ing is necessary. Remove dust and dirt from the glass envelopes with at lee 
clean, lint-free, dry cloth. 

(2) When tube sockets are cleaned and the contacts are accessible, fine 
sandpaper may be used to remove corrosion, oxidation, and dirt. | 


22. Capacitors 
a. INspecT (1). (1) Inspect the terminals of fixed capacitors for cor- 
rosion and loose connections. Carefully inspect the mountings for loose 
studs or brackets. Examine the leads for poor insulation, for cracks, and 
for evidences of dry rot. Frayed strands on the insulation should be cut 
away. If the wire is exposed, wrap it with friction tape. The terminals of 
the capacitors should not be cracked or broken. 
(2) Thoroughly inspect the case af each fixed capacitor for bulges, 
discoloration, leaking compound, or dripping wax. 
b. TIGHTEN (T). Tighten loose terminals, mountings, and connec- 
tions on the capacitors. , 
c. CLEAN (C). Remove accumulation of dirt, dust, corrosion, or fungus 
with a small brush, 


23. Resistors 


a. GENERAL. The connections to the various resistors are either of the 
pigtail or solder lug type. 

b. Inspect (I). Examine the bodies of the resistors for blistering, 
discoloration, and other indications of overheating. Inspect leads and all 
other connections for corrosion, dirt, dust, looseness, and broken strands 
in the connecting wires. Check the security of all mountings, Do not move 


ea Aue to the inspection. The discoloration is probably due to circuit trouble 
_ which requires analysis and correction, Trouble-shooting procedures are 
_ described in section X. 


24. Fuses 

a. GENERAL. The two fuses used in the instrument are contained in the 
plug of the a-c line cord (fig. 6). The glass fuses are easily removed for 
— inspection by pressing a small instrument through the openings in the 
plug. These openings are near the hole through which the a-c line cord 
‘ enters the plug. Fuses should be thrown away when they blow. See that 
2 the fuse ends and holding clips on the fuses are kept clean and tight. If 
they are not, arcing and burning will occur and make the replacement of 

the complete holder necessary. 

b. Inspect (I). Inspect the fuse caps for evidence of burning, charring, 
and corrosion ; inspect the fuse clips for dirt, loose connections, and proper 
tension. 

c. TIGHTEN (T). The tension of the fuse clips may be increased by 
pressing the sides closer together. 

d. CLEAN (C). Clean fuse ends and fuse clips with emery cloth; then 
wipe them with a clean cloth. 


25. Switches 
a. Inspect (1). (1) Inspect the mechanical action of each switch and, 
while so doing, look for signs of dirt or corrosion on all exposed elements. 
(2) Examine ganged switches (S1, S2, and S3) to see if the contacts 
are clean. Inspection is visual. Do not pry the leaves of the switch apart. 
The rotary members should make good contact with the stationary mem- 
bers ; and as the former slides into the latter, a spreading of the stationary 
contact leaves should be visible. Switch action should be free. Wiping 
action of contacts usually removes any dirt at the point of contact. 
b. TicgHTEN (T). Tighten mounting nuts, if necessary, with a ;%;-inch 
open-end wrench. 
c. CLEAN (C). Clean the exterior surfaces of switches with a stiff brush, 
moistened with dry-cleaning solvent (SD). Do not use any abrasive on 
the switch contacts because it will remove the plating. 


‘Caution: Do not disturb position a sealed controls | 
and R43). Sate eptee cate 

165) Inspect the mechanical tien of the Pheose ni 
meters. The arm should be keyed tightly to the shaft, and AY 
turn easily in the bushing which supports it. 
(2) Inspect the assembly and mounting screws, setscrews, 
ee Examine all parts for dust, dirt, and corrosion. | 


solvent (SD). 


27. Terminal Blocks 
a. Inspect (I). (1) Inspect terminal blocks for cracks, 
dirt, and loose connections or mounting screws. eee 
(2) Carefully examine connections for mechanical defects, dirt, and 
corrosion. eS 
b. TicgHTtEN (T). Tighten loose screws, lugs, and mounting bolts. 
When tightening, be sure to select the proper tool; do not exert too much 
pressure. Dae 
c. Crean (C). Clean terminal blocks, when they need it, te a “dry. ee 
brush. If necessary, use a cloth moistened with dry-cleaning solvent (SD). 
If a solvent is used, wipe the block with a cloth and then brush it to remove 
the lint, 


28. Connectors (fig. 5) 
A multiple connector and plug connect the circuit isolating test leads cable 
to the V.T.V.M. PROBE socket. 

a. Inspect (1). Inspect the female ends of the connector for corrosion 
-and collected dust. Inspect the tighteners of the mountings. Inspect the 
male ends for loose and broken pins. 


b. CLEAN (C). Clean the male and female ends of the connectors with f 
a brush moistened in dry-cleaning solvent (SD). Remove corrosion with ; 
#0000 sandpaper, then wipe with a clean cloth. 

seF 
29. Wiring P 
The wires are the life lines of the equipment. For this reason the condi- 
tion of the wiring must be closely observed. 


a. Inspect (1). Inspect the wires for cracked or erorted insula- 
tion, frayed or cut insulation at the connecting and supporting points. 
See that they are properly placed and do not strain the connections. Also 


4 Are apo. Ataris Look for sions of aatcover 
ar aa s as in the cables and on the mounting boards. Fungus, grease, 


ae eae Gear connections when they are dirty or corroded. 
3 ‘ : ; 

_ 30. Meters 

Meters are extremely delicate precision instruments and must be handled 

pe very carefully. Ordinarily, they require very little maintenance. 

a. Inspect (1). Inspect the leads and connections of the meters. Look 

Biot’ loose, dirty, and corroded connections. Look for cracked or broken 

cover glasses. Since the movement of a meter is extremely fragile, its 

“accuracy will be seriously affected if the glass is broken and dirt and 

water filter through. 


_b. TicHteN (T). Tighten all loose connections. Any loose meter wires 
should be inspected for dirt or corrosion before they are tightened. The 
tightening of meter connections requires a special technique because care- 
less handling can easily crack the meter case, Cracked glass may sometimes 
be temporarily repaired by sealing the crack with transparent tape. 


c. CLEAN (C). Meter cases may usually be cleaned with a dry cloth. If 
cleaning is difficult, the cloth should be dampened with a dry-cleaning 
solvent (SD). Dirty connections may be cleaned with a small brush dipped 
in dry-cleaning solvent (SD) or with a small piece of cloth dipped in the 
solvent. 


d. Apyust (A). Normally, the meter in the multirange tester should 
indicate zero on the A.C. and D.C. scales (scales C and D in fig. 4) when 
the equipment is turned off. The procedure for setting a meter to zero is 
not difficult. The tool required is the thinnest screw driver. Before decid- 
ing that the meter needs readjusting, tap the meter case lightly with the 
tip of one finger. This will help the needle to overcome the slight friction 
which sometimes exists at the bearings and prevents an otherwise normal 
unit from coming to rest at zero. If adjustment is needed, insert the tip 
of the screw driver in the slotted screw head located below the meter glass 
and slowly turn the adjusting screw until the pointer is at zero. Lightly 
tap the meter case again and view the meter face and pointer “full on” 
and not from either side. Avoid turning the screw too far, because the 
needle may be bent or the hairspring damaged. 


31. Pilot Lamp 

The pilot lamp indicates that power has been applied to the VTVM cir- 
cuit. To replace a pilot bulb, remove the socket by means of a %-inch 
open-end wrench and pliers padded with cloth to grasp the jewel. 


and the mounting nut are tight. Look for loose, dirty, or corroded con 
nections, = 


b. TIGHTEN (T). (1) Tighten loose mounting nuts and resolder any 
loose connections. If the connections are dirty or corroded, they should be 
cleaned before soldering. . 


(2) A loose lamp should be screwed tightly into the socket. ° 


32. Jacks and Plugs : 


The pin jacks require very little attention, and then only at infrequent 
intervals. Inserting and removing the test leads during normal use should 
keep the jacks and cord tips clean. Occasionally, it will be necessary to 
clean the contacts or increase the spring tension. Remove the contact by 
unsoldering the connecting wire and pushing on the terminal end of the 
contact. Remove dirt with a brush and dry-cleaning solvent (SD) ; remove 
corrosion with a piece of crocus cloth followed by a clean cloth. Increase 
spring tension when necessary.. It is recommended that the action of the 
jack be tried after each adjustment. 


33. Batteries and Battery Compartment (fig. 3) 


The batteries seldom need to be replaced. However, weak cells should be 
replaced. When normal, each cell has a voltage rating of 1% volts. 


a. Inspect (I). Inspect the spring contactor and the contact points 
between the batteries for corrosion. Examine the two connecting leads for 
tightness, signs of frayed insulation and dry rot. 


b. TicGHTEN (T). Tighten loose connections and mounting boards. 


c. CLEAN (C). Clean dirty or corroded contacts with #0000 sand- 
paper, and wipe dry with a clean cloth. Use a small brush slightly moist- 
ened with dry-cleaning solvent (SD) for connections. 


d. Avyust (A). Increase the spring tension, if necessary, by removing 
the batteries and pulling the spring forward. 


34. Cabinets, Chassis, and Mountings 


The cabinet which houses the components is constructed of sheet steel, 
coated with a black crinkle finish. 


a. INspEcT (1). Inspect the outside and inside of ‘the cabinet thor- 
oughly, paying strict attention to every detail. Check the rubber rhountings, 
the panel screws, and the zero setting of the meter, Examine the pilotlamp 
cover for cracks and breaks. Inspect the panel for loose knobs, switches, 
and jacks. 


any ee which is "seratched, rusted, or eared (see 


| 


Paidial parts are discussed in section V. These general instructions are 


- not repeated in this section. When performing preventive maintenance, 


see section V if more information is required for the following items. All 
_ work is done with the power shut off. After preventive maintenance has 
been performed the equipment should be put into operation and checked 


ri _ for satisfactory performance. (See par. 9.) 


36. Preventive Maintenance Tools and Materials 
_ The following materials will be needed in performing preventive main- 
tenance: : 


‘Common hand tools. 

Clean cloth. 

#0000 sandpaper. 
Crocus cloth. 

Dry-cleaning solvent (SD). 

Paste metal-polish (Signal Corps stock No, 6G1516). 
Small brush. 

Soldering iron and solder. 

Open- -end wrenches (¥% inch, 73 inch, thin). 


Note. eacoline will not be used as a cleaning fluid for any purpose. Solvent, Dry- 
cleaning, is available as a cleaning fluid through established supply channels. Oil, Fuel, 
Diesel, may be used for cleaning purposes when dry-cleaning solvent (SD) is not at 
* nd. Carbon tetrachloride will be used as a cleaning fluid on electrical wiring or con- 
tacts only when prescribed. 


7. Item. |, Test Leads 


PRELIMINARY STEPS. Remove the test loads from the equipment. 
Remove the circuit isolating.test leads cable connector from the V.T.V.M. 
PROBE socket. Disassemble the cable connector by removing the two 


OPERATIONS. ae ars 
IG Cable connector 
ITC Resistors 


=| PG fous 
FiCweCords 
ITC Connections — - 


ITC, “Phonestipsss ; . 
ITC: Alhgatorclips-) 423 Se ee ee 


REMARKS. Inspect the insulation on the cords for breaks or 
spots. Poor insulation may cause severe shock to the operator and d n 
to the equipment. 


. Item 2, Interior of Cabinet (figs. 22, 23, and 24) 


front panel and slide the Biacge from the cabinet However, do not or 
it out too far, as there are two wires connected between the cabinet and _ 
the chassis. ae cae 


OPERATIONS. 


EVRC.“Transtoriner Els 

ITC" -Vubesvand=sockets) 

ITC s3-Gapacitors: 

IT’ Gage Resistors: 

ITC  Rheostats and potentiometers (see CAUTION in par. 26). 
ITC Terminals and terminal blocks. 
LLG Switches. 

ITC Pilot light and socket. 

ITCA Meter. 

PT CePin jacks: 

IT GaN Nei e ROB asocket: 


<i 
iS 

x 
5 


' 


/ 


ITC’ Wiring. 
ITC —. Cabinet and chassis. ; 
ITCA Batteries and battery compartment. & 


; : at 
REMARKS: Perform no preventive maintenance on copper-oxide 
rectifier. 


39. Item 3, Exterior of Cabinet o. 
PRELIMINARY STEPS. If necessary, put the chassis back into the 
cabinet. Be sure that all 12 panel screws are replaced and tightened. 


: Meter zero meeting = 


Panel paint and markings. 
louise 


oe following check list is a summary of the preventive maintenance 
operations to be performed on the multirange tester. The time intervals 
_ shown on the check list may be reduced at any time by the local com- 
~ mander, For best performance of the equipment, perform operations at 
least as frequently as called for in the check list. The echelon column indi- 
cates which operations are first echelon maintenance and which operations 
are second echelon maintenance. Operations are indicated by the letters 
of the word FITCAL. For example, if the letters ITC appear in the 
_ “Operations” column, the item to be treated must be inspected (1), tight- 
ened (T), and cleaned (C). 


’ 


When performed 
te 
Item No. Operations Item 2 
res. KON! ¢ 
i Seed (acetates alle eS 
7 | o| 8] 8| 4 
Al Fl al a] a 
1 ANE, Test loads x 2d 
™ 2 EINE. Interior of cabinet xX 2d 
BS Ene Exterior of cabinet ; x Ist 
F I ag cc A “il 
Feel Inspect Tighten Clean Adjust Lubricate 
, 


*The Lubricate operation is inapplicable to this instrument. 


Section VII. LUBRICATION 


(Lubrication for the multirange tester is not required.) 


Section Vill. 9MOISTUREPROOFING AND FUNGIPROOFING — 


General 
When operated in tropical areas where temperature and relative humidity 
are extremely high, Signal Corps equipment requires special attention. 
These are some of the problems met: ; 
a. Resistors, capacitors, coils, chokes, transformer windings, etc., fail 
because of the effects of fungus growth and excessive moisture. 
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Figure 8. Masking of parts on front panel for moistureproofing and fungiproofing. 


b. Electrolytic action, often visible in the form of corrosion, takes place 
in resistors, coils, chokes, transformer windings, etc., causing eventual 
breakdown. 

c. Hook-up wire insulation and cable insulation breakdown. Fungus 
growth accelerates deterioration. 

d. Moisture forms electrical leakage paths on terminal Ferd and in- 
sulating strips, causing flash-overs and crosstalk. 


e. Moisture provides leakage paths between battery terminals. 


= ireatment 
_ A moistureproofing and fungiproofing treatment has been devised which, 
if properly applied, provides a reasonable degree of protection against 
2 fungus growth, insects, corrosion, salt spray, and moisture. The treatment 
ay involves the use of a moisture- and fungi-resistant varnish applied with a 
spray gun or brush. See TB SIG 13 for a detailed description of the var- 
__nish-spray method of moistureproofing and fungiproofing and the supplies 


~ and equipment required in this treatment. 


; Caution: Varnish spray may have poisonous effect if inhaled. To avoid 
inhaling spray, use respirator if available; otherwise, fasten cheesecloth 


Figure 9. Masking of parts on chassis for moistureproofing and fungiproofing. 


or other cloth material over nose and mouth, Never spray varnish or 
lacquer near an open flame. Do not smoke in a room where varnish or 
lacquer is being sprayed. The spray may be highly explosive. 


43. Vacuum Tube Voltmeter (Precision Model EV-10-MCP) 


a. PREPARATION:Make all repairs and adjustments necessary for proper 
operation of the equipment.. 
b. DisAssEMBLY,. As equipment is disassembled, all screws,. bolts, and 
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Figure 10. Masking of parts on chassis for motstureproofing and fungiproofing. 


nuts should be replaced immediately in their respective holes. This pre- 
caution will prevent their loss and keep the threads from clogging during 
treatment. 

(1) Remove 12 screws around the edge of the front panel. 

(2) Carefully remove the unit from the cabinet. 

(3) Remove a-c line cord by unsoldering the two connections on 
JAN-OD3/VR-150 tube socket (S in fig. 10), and pull cord out through 
rear of cabinet. 

(4) Remove batteries from the cabinet (B in fig. 12). 

(5) Remove battery wire from connection within cabinet by removing 
spring contact from holding block (HB in fig. 12), 

(6) Remove JAN-OD3/VR-150 tube. 

(7) Remove lacing where practicable and separate the wires to make 
it easier for the lacquer to penetrate. 

c. CLEANING. Clean all dirt, dust, rust, and fungus from the equip- 
ment to be processed. Clean all oil and grease from the surfaces to be 
varnished. 

d. Masxinc. (1) Mask the six pin jacks and the V.T.V.M. PROBE 
connector (J1 in fig. 8) in upper left-hand corner of the front panel. 

(2) Mask the seven pin jacks (J2 in fig. 8) in upper right-hand corner. 

(3) Mask the glass face of the meter (M in fig. 8). 


Figure 11. Masking of parts on chassis for moistureproofing and fungiproofing. 


(4) Mask the meter screw zero-set adjustment (SJ in fig. 8). 

(5) Mask pilot lamp jewel (PL in fig. 8). 

(6) Mask all rubber-covered wire. Lacquer is injurious to rubber. 

(7) Mask the top of JAN-OD3/VR-150 tube socket (S in fig. 9). 

(8) Mask solder connections where a-c line cord was removed (S in 
fig. 10). 

(9) Mask (OHMS ZERO CHECK) power switch (S3 in fig. 10). 

(10) Mask CIRCUIT SELECTOR switch (S1 in fig. 10). 

(11) Mask master-range selector switch (four sections) (S2 in fig. 10). 

(12) Mask rear cover of OHMS ZERO ADJUST and V.T.V.M. 
ZERO ADJUST contro!s (R36 and R39 in fig. 9) to keep lacquer mist 
from penetrating internally. 

(13) Mask rubber grommet (G in fig. 12) in rear of cabinet (a-c line 
cord). 

(14) Mask battery spring contact (SC in fig. 10). 

(15) Mask the four potentiometers (R28 and R30 in fig. 9 and R33 
and R43 in fig. 11) on the rear side of the resistor terminal board directly 
behind the meter. 


Note. Do not disturb position of these potentiometers because they determine the 
calibration and thus, the accuracy of the equipment. 


e. Dryinc. Place equipment in an oven or under heat lamps for 4 to 6 
hours at a temperature of 140° F. 


Note. lf wax begins to melt, decrease the temperature and increase the drying time 
1 hour for each 10° F drop. 


f. VARNISHING. (1) Apply three coats of moistureproofing and fungi- 
proofing varnish (Lacquer, Fungus-resistant, Spec. No. 71-2202 (Stock 
No. 6G1005.3), or equal). Allow each coat to dry for 15 or 20 minutes at 
140° F. 


(2) Apply varnish immediately after the equipment is dried. If varnish 


TL51836-S 


Figure 12. Masking of parts in battery compartment for moistureproofing and 
fungiproofing. 


is not applied immediately, moisture condenses on the equipment. Varnish 
applied over the moisture peels off readily after the varnish has dried. 

(3) Use a brush to varnish components not reached by the spray gun. 

g. REASSEMBLY. (1) Remove masking tape; take care not to peel 
varnish from nearby areas. 

(2) Touch up, with varnish, capacitors which were covered by masking 
tape. 

(3) Replace all cables as neatly as possible. 

(4) Reassemble the equipment by following the instructions for dis- 
assembly in reverse order. 

(5) Test the set for operation. 

h. Marxinc. Mark the letters MFP and the date of treatment in the 
upper right-hand corner next to the nameplate. 


EXAMPLE; MFP—S8 Dec 44. 


44, Moistureproofing and Fungiproofing after Repairs 

If, during repair, the coating of protective varnish has been punctured or 
broken, and if complete treatment is not needed to reseal the equipment, 
apply a brush coat to the affected part, Be sure the break is completely 


sealed. 


Note. Failure or unsatisfactory performance of equipment used by Army Ground 
Forces will be reported on WD AGO Form 468 (Unsatisfactory Equipment Report) ; 
‘by Army Air Forces, on Army Air Forces Form 54 (Unsatisfactory Report). If either 
form is not available, prepare the data according to the sample form reproduced in — 
figure 27, 


Section IX. THEORY OF EQUIPMENT 
45. Basic Theory 


The multi-range tester is a combination test instrument which is used to 
measure «1-c and a-c voltages, resistance, d-c current, decibels, and to make 
output tests. Although a single meter is used as the indicating device, a 
wide range of measurements may be made by operating switches on the 
front panel of the instrument. 


a. V.T.V.M. OHMS Circuit. A bridge circuit, one arm of which is 
the plate-cathode resistance of a triode tube (JAN-6C5GT/G), is used 
for d-c voltage and resistance measurements. Figures 18 and 19 show sim- 
plified schematic diagrams of these two circuits and figure 30 shows a 
complete schematic diagram of the instrument. Note the similarity of the 
circuits in figures 18 and 19. The operation of either circuit is accom- 
plished by an unbalance of the bridge circuit. 

(1) Meter zero adjustment for resistance measurements is established 
by an initial bridge circuit unbalance which deflects the meter pointer 
to the left-zero position on the OHMS scale (Scale A in fig. 4). This 
position of the pointer nearly coincides with the nonoperating zero setting 
of the meter (par. 9d). 

(2) Meter zero adjustment for the d-c voltage measurement circuit, 
on the other hand, is accomplished through an initial bridge circuit unbal- 
ance which deflects the meter pointer to center-scale zero (scale B in fig. 4). 

(3) In either type of measurement function, however, operation of 
the circuit is affected through variations of the plate-cathode resistance 
of the triode tube. These variations are caused by changes produced on 
the grid bias voltage of the tube when a measurement is being made. 

(a) For d-c voltage measurements, the triode tube grid bias voltage 
change is caused by the application of the external voltage being measured. 

(b) An internal battery, on the other hand, supplies the triode tube 
grid bias voltage for resistance measurements, The introduction of the 
resistance being measured affects the magnitude of this bias voltage. 


38 
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. te 


ments is again extended through the use of another built-in resistance type 
_ voltage-divider network. Master-range selector switch S2 selects the 
- various ranges. 


(6) The plate voltage for the triode tube in the bridge circuit is ob- 
tained from a voltage-regulated rectifier. The regulation reduces instability 


in. the bridge circuit and increases the accuracy of the instrument by cor- 
recting for fluctuations in the line voltage (a-c power source). 


(7) Additional information for the VIT'VM measurements circuits is 
given in paragraphs 50 and 51. 


b. AC. V. DB. ano DC. V. MA, Circuits. The meter is used inde- 
pendently of the bridge circuit for all tests except those given above in 
subparagraph a above. The meter is used in conjunction with resistance 
networks for the d-c current and d-c voltage (1,000 ohms per volt) 
measurements. For the a-c applications, a resistance network and a copper- 
oxide rectifier are used with the meter. Details for these circuits are given 
in paragraphs 46 through 49. 
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Figure 13. Simplified schematic diagram of d-c current measurements circuit. 
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Figure 14, Simple circuits of seven d-c current ranges. 


ows the simplified schematic diagram. The master- -range Efe switch 
2 selects any one of six current ranges (0.6 MA, 0-3 MA, 0-12 MA, 
0-60 MA, 0-300 MA, and 0-1200 MA). The CIRCUIT SELECTOR 
‘switch, when thrown to the DC. V. MA, position, automatically connects 
_ the current measurements circuits. The test leads are connected to the 
' terminals marked EXTERNAL TESTS. Two additional terminals 
marked 12 AMPS are provided for the measurement of higher currents. 
The functioning of parts is given in subparagraphs b through e below. 


< 73. b. .6 MA. Rance. When switch S2 is thrown to the .6 MA. position 
: (fig. 14A.), the meter coil is connected in parallel with series resistors R15, 
R14, R13, R12, R11, R9, and R8. The value of these resistors in series is 
640 + 120 + 32 + 64+ 1.2 + 0.36 + 0.04, or 800 ohms. The resistance 
of the meter coil is 400 ohms. Therefore, when a current is applied to the 
EXTERNAL TESTS terminals, two-thirds of this current will flow 
through the meter coil and one-third through the series resistors. If, for 
example, a current of 0.6 ma (600 microamperes) is applied, two-thirds 
of this current, or 400 microamperes, will flow through the meter coil 
and cause full-scale deflection of the pointer. The other 200 microamperes 
will flow through the series resistors. 


c. 3 MA. Rance. When switch S2 is thrown to the 3 MA. position 
(fig. 14B), the meter is connected in series with resistor R15 and 
this combination is placed in parallel with series resistors R14, R13, 
fie Ril ROS and -R&8. Therefore, one leg of the circuit contains 
400 + 640, or 1040 ohms, The other leg contains 120 + 32 + 6.4 
+ 1.2 + 0.36 + 0.04, or 160 ohms. The combined value of 1040 ohms 
in parallel with 160 ohms is 138.66 ohms, which is present across the 
EXTERNAL TESTS terminals. When a current is applied to these 
terminals, part will flow through one leg of the circuit and part through 
the other leg. For example, if a current of 2 ma (0.002 amps) is applied, 
the voltage drop across the circuit will be, by Ohm’s law, 0.002 multiplied 
by 138.66, or 0.277 volts. Therefore, the current through resistor R15 and 
the meter will be 0.277 divided by 1040, or 0.000266 amperes (266 micro- 
-amperes). This current will cause the pointer to indicate two-thirds of full 
scale. The reading will be 2 ma. The balance of the applied current will 
flow through the series resistors 


d. OrHER MA Rances, Figures 14C through F show the circuits 
which are connected when S2 is rotated consecutively to higher ranges. 
Note that the resistance in series with the meter becomes greater and 
the shunt resistance becomes smaller as the switch is rotated to the higher 
current ranges. As a result of this shift in resistance, less applied current 


in Sitnerec mine c abower 


e. 12 AMP. Rance. Figure 14G shows the circuit used when fa 


values of current are to be measured. The current is applied to the 129 
AMP. terminals instead of to the EXTERNAL TESTS terminals. Re-_ 


sistor R8 (0.04 ohms) is connected in parallel with the input terminals 


and all other resistors in the network are connected in series with the 


meter coil. Consequently, only a small proportion of the applied current 
is allowed to pass through the meter coil. 
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Figure 15. Simplified schematic diagram of d-c voltage measurements circuit (1,000 


ohms per volt) 


47. D-c Voltage Measurements Circuit (1,000 ohms per volt) 

a. GENERAL. Meter M1, with a different set of resistors is used to 
measure d-c voltages between O and 6,000 volts without having to connect 
the equipment to an a-c power source. Figure 15 shows a simplified 
schematic diagram. The input resistance of the circuit is 1,000 ohms per 
volt (3,000 ohms on the 3V. range, 6,000 ohms on the 6V, range, etc.). 


ug 
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MA. asition, automatically connects the proper circuits. The functioning 
of parts is given in subparagraphs b through e below. 


_-b. Meter Suunt. Resistor R10 (267 ohms) is shunted across the 
. ~ 400-ohm meter coil for all ranges (resistance across combination = 160 
ohms). This shunt resistance gives the meter a full-scale sensitivity of 
1 ma, or, in other words, a 1 ma-current, which if applied in series with the 
combination, will cause a full-scale deflection of the meter. 


R29 


EXTERNAL 


Zoli 
TESTS 267n ik, pe 
3V. RANGE J 
A 
RI R29 
ay SS 
& « TERNAL RIO 400M ji60N 
TESTS 2670 | 


6Vv RANGE 


R2 RI Reg 


EXTERNAL 
TEST 


2670 
12V RANGE 


R3 Re2 RI R29g 


Ex TERNAL 
TESTS 


267 
60 V_ RANGE 


R4 R3 R2 Rit R29 


EX TERNAL 
TESTS 


400n ,i60n 


RS R4 R3 R2 RI Reg 


EXTERNAL 
TESTS: 


O 
-EXTERNAL 
TESTS 


NOTE M=1,000n 


1200 V AND 6000V. RANGES G 
TL ~-51841-S 


Figure 15. Simple circuits of eight d-c voltage ranges, 


a 


c. 3V. Rance. Figure 16A shows a simple schematic diagram of th 


circuit for the 3V. range. Resistor R29 (2840 ohms) is placed in series 
with the meter and its shunt resistor R10. The total resistance presented 
at the EXTERNAL TESTS terminals is 2840 + 160, or 3,000 ohms. — 


When a voltage of 3 volts is applied at the terminals, a current of 1 ma 


flows through the circuit’ (1 =“E = 93 = 001 amp sa ands 2 
R 3000 


causes a full-scale deflection of the meter. See subparagraph b above. 


d. 6V. Rance. Figure 16B shows the circuit for the 6V. range. This 
circuit is identical to figure 16A except for the presence of the series 
resistor R1 (3,000 ohms). The total resistance presented to the input 
terminals is 6,000 ohms, and as a result, a 6-volt input is necessary for 
a full-scale deflection of the meter. 

e. OTHER RANGES. Figures 16C through G are simplified diagrams of 
the circuits employed for each of the other d-c voltage ranges. Note that 
as the voltage range becomes higher, the only change in the circuit is the 
inclusion of greater series resistance. The resistor values are so selected 
that exactly 1 ma of current will flow through the meter when the maximum 
voltage for each range is applied to the input terminals. The operating data 
for each range may be computed, if desired, by using the procedure given 
in subparagraph c above and substituting the proper resistor values and 
voltage inputs for the various ranges. 


48. A-c Voltage Measurements 
The circuit for the measurement of a-c voltage makes use of a copper- — 
oxide rectifier, suitable resistors, and meter M1. Figure 17 shows a sim- 
plified schematic diagram. Because of the capacity between discs in this 
type of rectifier, the impedance rises with frequency and places an upper 
limit on a-c voltage measurements at approximately 8,000 cycles per 
second. Large errors are introduced at higher frequencies. When CIR- 
CUIT SELECTOR switch SI is rotated to the AC. V. -DB. position, 
the circuits are connected as shown in figure 17. Note the similarity be- 
tween the a-c and the d-c voltage measurements circuits (figs. 15 and 17). 
The functioning of parts is the same in both circuits except for the fol- 
lowing: 

a. The copper-oxide rectifier (X1) is used for a-c measurements and 
converts the alternating current to direct current, before application to 
meter M1. 

b. Potentiometer R28, a 3,000-ohm variable resistance, replaces the 
2840-ohm fixed resistor R29. 

c. Potentiometer R30, a 12,000-ohm variable resistanee, replaces re- 
sistor R10, a 267-ohm fixed resistance. 

d. The inherent resistance of the copper-oxide rectifier acts as a shunt 
across the meter and also as a series resistance between R28 and the 


Eaters 
INAC.V.DB. POSITION!  3n°% [RI] 


Rt cs |B | 


3M 4 
<\; Be] 


id 
e 
° 


© cc OXIDE 
RECTIFIER 
\2N. - 
m3 Ue 
48M ° 
S51, _Y_]400n 


400 MICROAMPS 
160 MILLIVOLTS 


ccc 
| 


R4 
240M O 
O 
R5 
300 M 
MASTER 
RANGE R6 R7 
SELECTOR 600M 4.8 MEG 
SWITCH 
UO © 
+1200V. +6000V. 
NOTE: 
> 1S SYMBOL FOR FIXED CAPACITOR. 
M= 10000 TL 51828-$ 


CAPACITOR VOLTAGE IS D.C. WORKING VOLTAGE. 


Figure 17. Simplified schematic diagram of a-c voltage measurements circuit. 


meter. For this reason, the values of R29 and R10 in the d-c voltage 
circuit are not the same as the values of R28 and R30 in the a-c voltage 
circuit. The resultant resistance of the combinations, however, is approxi- 
mately the same for either circuit and the resistance presented at the input 
terminals for any given range is approximately the same for d-c or a-c 
measurements. 

e. Potentiometers R28 and R30 are calibration controls. Once calibra- 
tion is performed (sec. XIII), further adjustments of these controls are 
usually unnecessary unless a part is replaced, 


49. Decibel Measurements and Output Tests 

The circuit used for a-c measurements is also used for decibel measure- 
ments and output tests. There is a special meter scale (Scale E in fig. 4) 
employed for the decibel measurements. This scale is calibrated in decibels 
and, when used with the correction chart in paragraph 15, makes possible 
db readings from —26 db to +70 db. For output tests, a special pin jack is 
provided to which one of the test leads is connected. This jack places a 
capacitor C5 in series with the input and prevents the d-c voltage from 
reaching the measurements circuit, 
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Figure 18. Simplified schematic diagram of d-c voltage measurements circuit (VTVM). 


50. D-c Voltage Measurements Circuit (VTVM) 


a. GENERAL. The d-c vacuum tube voltmeter utilizes a bridge circuit. 
See figure 18 for simplified schematic diagram. The triode tube JAN- 


6C5GT/G serves as one leg of the bridge. 


b. Bripce Circuit. Stability of operation without greatly reduced sen- 
sitivity is made possible by the use of a large value of cathode resistance 
in this bridge circuit. The circuit operates as follows: 

(1) With no voltage applied at the input terminals and the master- 
range selector switch in any one of the voltage positions, the grid of the 
triode tube is connected through resistance to ground. This places the 
grid of the tube at ground potential (grid current flow is negligible). 


(2) If the meter were temporarily disconnected from the. circuit and ¥ 


[50 volts were applied between potentiometer R33 and ground, there 
would be two possible paths of current flow in the bridge circuit. One 
path would be through potentiometer R33, resistor R35, potentiometer 
R36, and resistor R37. The other path would be through part of poten- 
tiometer R33, the plate-cathode resistance of the tube, and through re- 
sistor R38, 


MASTER RANGE- 
SELECTOR SWITCH] 


Jae 2 


at ee at the peaette arm of potentiometer R36, the bridge circuit is 
inbalanced and, because of the difference in potential, a current flows 
ro. the meter, resistor RSL, and potentiometer R43. The amount of 


Oo 6 Ci omer oF Bripce. (1) When the instrument has been properly 
calibrated and adjusted, and d-c voltage is not being measured, the meter 
pointer rests at center-scale on the meter. Center scale is the zero voltage 
position for d-c VITVM measurements. If, as explained in subparagraph 
___ babove, the bridge were balanced, the meter pointer would rest at its non- 
operating position (zero on the D.C. or A.C. scale). Thus, the bridge is 
ue . purposely unbalanced by adjustment of potentiometer R36, the V.T.V.M. 
ZERO ADJUST control, to cause a current flow through the meter 
which deflects the pointer to center scale. 

(2) When a positive voltage is applied to the grid of the tube, the 
plate-cathode resistance decreases, the current flow through the tube and 
resistor R38 increases, and the cathode of the tube becomes more positive 
with respect to ground. The voltage at the movable arm of potentiometer 
R36, remains practically constant. Thus, the unbalance in the bridge be- 
comes greater and the meter pointer deflects to the right of center scale. 

(3) On the other hand, when a negative voltage is applied to the grid 
of the tube, the plate-cathode resistance increases, the current flow through 
the tube and resistor R38 decreases, and the cathode of the tube becomes 
more negative with respect to ground. Thus, the unbalance in the bridge 
is smaller and the meter pointer deflects to the left of center scale. 


d. VOLTAGE-DIvipER Resistor Network. If the voltage-divider re- 
sistor network were omitted from this circuit and a single resistor con- 
nected between the control grid of the bridge tube and ground, only ~ 
voltages between O and approximately 2.7 volts could be applied to the 
grid of the tube. This is true since a voltage of 2.7 volts on the grid is 
made to cause full-scale deflection of the meter when the calibration po- 
tentiometers R33 and R43 are properly adjusted. The bridge is so de- 
.signed that meter readings are linear when voltages within this range are 
applied to the grid. The purpose of the voltage-divider network, therefore, 
is to reduce input voltages applied at the V.T.V.M. TESTS, 1200V., and 
6000V. terminals to a proportionate value between 0 and 2.7 volts before 
application to the grid of the tube. A more detailed explanation follows. 

(1) The total resistance.between the V.T.V.M. TESTS terminals is 
13.33 megs. The total resistance between the 1200V. terminal and the 


GND. ‘cenit is 26.66 megs; and the total resistance ‘between 60C 
terminal and the GND. terminal is 133.33 megs. ~ i 


(2) When 3 volts are applied between the V.T.V. M,. TESTS isting ? 
a current of 0.000,000,225 amperes (0.225 microamperes (la) ) flows | e 
through resistors R40, R16, R17, R18, R19, R20, and R21. With the 
master-range selector switch S2 set at the 3V position, the voltage appear- 
ing at the grid of the bridge tube will be equal to this current multiplied a 
by the resistance between the control grid and ground, or 2.7 volts (0.225 ee 
ua times 12 megs). This voltage, as explained above, will cause a full e 
scale reading of the meter. One VIT'VM scale on the meter reads from 0 
to 3 volts. 


ee 


Note. Because no grid current flows in the triode tube there is no voltage drop across 
resistor R32. 

(3) When 6 volts are applied between the V.T.V.M. TESTS terminals, 
a current of 0.000,000,450 amperes (0.450 wa) flows through the resis- 
tors. When switch S2 is set at 6V. position, the voltage appearing at the 
grid will again be equal to this current multiplied by the resistance between 
the grid of the tube and ground, or 2.7 volts. This again will cause full- 
scale deflection of the meter, although a different meter scale (0 to 6 volts) 
is used. 


(4) The same procedure may be used for calculating different input 
voltages and different settings of the range switch. In each case, however, 
a full-scale deflection of the meter will be caused by the application of 
2.7 volts to the grid of the triode tube. For intermediate values of voltages, 
of course, a partial deflection of the pointer on the meter will result. 

(5) When the 1200V. or 6000V. terminals are used, the resistor values 
in the network change and a greater voltage drop occurs before the lowered 
voltage is applied in the grid of the tube. When voltages in excess of 
600 volts are to be measured, these terminals must be used instead of the 


V.TeV.M. TEST ‘terminals. 


e. RESISTANCE-CAPACITANCE FILTER, The two capacitors C4 and the 
resistor R32 in the grid circuit of the tube are used to safeguard the meter. 


(1) In the event an a-c voltage is accidentally applied to the d-c voltage 
‘nput terminals, the capacitors will bypass a large portion of this voltage 
to ground and prevent its application to the grid of the tube. If the capaci- 
tors were not present, the a-c voltage would reach the grid, cause the 
bridge circuit to respond to the alternations, and result in an a-c current 
through the meter. 


(2) In the event a high value of d-c voltage is applied at the input 
terminals when switch SZ is set at too low a voltage range, a high value 
of positive voltage will instantaneously appear at the grid of the tube. 
This voltage will cause the grid to become positive to such an extent 
that grid current will flow between the grid and cathode of the tube, 


SI and thus will reduce the amount of positive voltage applied at the 
id of the tube. This reduction in grid voltage protects the meter to a 
Bedent. but is not a complete precaution because the initial applica- 
of the high voltage at the grid affects the meter for an instant before 


: ce degeneration in the ite circuit. This degeneration increases the 
hee stability of the bridge and partially corrects for differences in operating 
characteristics of various tubes. In addition, it permits a more linear change 
Pee. In plate current with respect to a change in the d-c voltage being measured, 
~ and allows a linear d-c scale to be used on the meter, The operation is as 
+ follows: 


(1) When a positive voltage is applied at the grid of the triode, as pre- 
viously explained, the plate-cathode resistance of the tube decreases and a 
greater current flows through the tube and through resistor R38. This 
increase of current flow causes the cathode of the tube to become more 
positive in respect to ground and causes a deflection of the meter’s pointer. 


“ 


(2) At the same time, however, a more positive cathode increases the 
grid bias voltage on the tube in a negative direction (positive cathode has 
the same effect as negative grid in controlling bias). This again tends 
to increase the plate-cathode resistance of the tube at the same time that 
the positive voltage applied at the grid tends to decrease the plate-cathode 
resistance. Thus we have one voltage bucking the other. The change in bias 
voltage as the result of degeneration, however, is not nearly as great as 
the change in bias voltage resulting from the application of the voltage on 
the grid. 


g. CALIBRATING CONTROLS. Potentiometers R33 and R43 are the cali- 
brating controls for the VTVM circuits. Calibration procedures are given 
in section XIII. In general, these controls are so adjusted that the meter 
will give the correct value of an applied voltage (or resistance). 


(1) Potentiometer R43 is connected in series with the meter. Thus, 
any change in its setting will affect the sensitivity of the meter in respect 
to the difference of potential which may exist between the movable arm of 
potentiometer R36 and the cathode of the tube. 


(2) During calibration, these controls are not only adjusted for cor- 
rect meter readings, but they are also adjusted to obtain zero (and infinity) 
readings before measurements are made. This is done by operating the 
front panel controls R36 and R39 which are marked V.T.V.M. ZERO 
ADI UST and OHMS ZERG@ ADJUST. 
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Figure 19, Simplified schematic diagram of resistance measurements circut. 


51. Resistance Measurements Circuit 

a. GENERAL. The VT VM circuit which is used for d-c voltage measure- 
ments, as explained in paragraph 50, is also used (with modification) in 
the resistance measurements circuit. (See fig. 19.) The resistance measure- 
ments circuit has its own resistor voltage-divider network which includes 


a 6-volt dry-cell battery... The MEGOHMMETER pin jack terminals - 


marked HIGH and SHIELD are used. The operation of the circuit is 
basically the same as for d-c voltage measurements. A voltage applied at 
the grid of the bridge tube causes a deflection of the pointer on the meter. 
However, the method of obtaining the applied grid voltage is different. 
Instead of using an external d-c voltage source, the voltage which is ap- 
plied to the grid of the tube in the resistance measurements circuit is 
obtained from the dry-cell battery. The amount of actual voltage applied 
at the grid depends on the value of the resistance being measured. In 
order to insure linear operation for the bridge tube, a potential of approxi- 
mately 4 volts is tapped off potentiometer R36 and connected into the 
resistance voltage-divider network. . 


b. VoLTAGE-DIVIDER Network. Figure 20 shows a simple schematic 
diagram of the voltage-divider network when the master-range selector 
switch is in the 2,000 ohm position. 

(1) In figure 20, potentiometer R33, resistor R35, potentiometer R36, 
and resistor R37 are connected between the positive 150-volt output of the 


- is ire at. Seproniinatcly 4 volts in respect to 
LT sult, of this connection, the positive terminal on the 6-volt 
Il t ttery is at a potential of approximately at volts above ground 


o S3. In this circuit, the entire voltage she of 6 volts appears across 
if (the battery is the Spey source). Simultaneously, a potential of 


a (3) When the OHMS ZERO CHECK switch S3 is open and no re- 
sistance is connected between the HIGH and SHIELD terminals, the 
closed circuit mentioned in (2 ) above does not exist. In this case, a 
~ potential of +4 volts is applied to the grid of the bridge tube. No voltage 
drop occurs across resistor R22 because there is no current flow in the 
_ open circuit. 
* Note. When the master-range selector switch is at the 2,000 ohms position and the 
~OHMS ZERO CHECK switch is held closed, a high current flows in the circuit. This 
current will run down the batteries quickly if the switch is held in the ZERO CHECK 
____ position for any length of time. For this reason, use the OHMS CHECK position only 
>. as long as necessary to make a zero adjustment. 

(4) When a resistance is to be measured, it is inserted between the 
SHIELD and HIGH terminals. Assume that a 60-ohm resistor is inserted 
between these terminals. Again a closed circuit will be formed consisting 

of the battery, resistor R22, and the 60-ohm resistance being measured. 
The voltage in the circuit will be 6 volts (the battery voltage) and the 
resistance in the circuit will be 80 ohms (the sum of resistor R22 and the 
resistance being measured). By Ohm’s Law, the current around the cir- 
cuit will be equal to the voltage divided by the resistance, or 0.075 amperes. 
| The voltage drop across resistor R22 will be equal to the current multiplied 
» by the resistance of 20 ohms, or 1.5 volts, Thus, +2.5 volts will be applied 
to the grid of the bridge tube. 


(5) As the value of the resistance being measured is changed, a lower 

er greater current will flow around the closed circuit and in this way cause 

a more positive or a more negative potential to be applied to the grid of 
the bridge tube. 


(6) Figure 20 and the above subparagraphs have been based on the 
master-range selector switch S2 being set at 2,000-ohm position. The only 
change which would occur if another resistance range were used would be 
the substitution of another resistor in place of R22, For example, on the 
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Figure 20. Simple circuit of voltage-divider network for resistance measurements circuit. — ; 
200 M-ohm range, a 200-ohm resistor would replace the 20-ohm resistor; 


on the 2-MEGS range, a 20,000 resistance would replace the 20-ohm re- 
sistance, etc. The functioning of the circuit is the same regardless of which 
range is in use. However, the substitution of the higher resistance in 
place of the 20-ohm resistance makes possible the measurement of higher — 
resistance values. egy 


c. Meter Circuit. The meter circuit for resistance measurements is al- 
most the same as that used for d-c voltage measurements. One change may 
be noted. (See figs. 18 and 19.) Potentiometer R39, the OHMS ZERO 
ADJUST control is placed in series with potentiometer R43, resistor R31, 
and the meter when making resistance measurements. Potentiometer R39 
is automatically connected into the circuit when the master-range selector ¢ 
switch is rotated from the voltage to the resistance ranges. Resistor R39 ; 
is used in combination with potentiometer R36 (the V.T.V.M. ZERO. 
ADJUST control) when adjusting the meter pointer prior to making | 
measurements. Primarily, the V.T.V.M. ZERO ADJUST control is used 
for positioning the pointer at the zero mark on the OHMS scale when no 
resistance is being measured. The OHMS ZERO ADJUST control, on 
the other hand, is used for properly positioning the pointer of the meter 
at the infinity mark on the OHMS scale when the SHIELD and HIGH 
terminals are shorted (OHMS ZERO CHECK switch in OHMS 
CHECK position). 
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Figure 21. Simplified schematic diagram of regulated rectifier. 


52. Regulated Rectifier (figs. 21 and 30) 


Rectifier Tube JAN-6X5 is used as a full-wave rectifier in the power 
supply which furnishes plate and filament voltage for the bridge tube. The 

high voltage output is held constant at 150 volts through operation of gas 
voltage regulator Tube JAN-OD3/VR-150. 


a. The line cord plug is fitted with two fuses (fig. 6) which protect the 
components in case an overload condition develops within the equipment. 


b. The OHMS ZERO CHECK switch has three positions : 

(1) In its OFF position, a-c power is removed from the circuits in the 
equipment. 

(2) Inits ON and OHMS CHECK positions, the a-c power is applied 
to the power transformer. 


c. The gas regulator tube contains an internal connection between pins 
7 No. 3 and 7. These pins are placed in series wtih one leg of the a-c power 
: input to transformer Tl. As a result, a-c power may be removed from the 
circuits, if desired, by simply removing this tube from its socket. 
d, Capacitors Cl and C2 serve as line filters. 


_e. Transformer T1 has one primary and three secondary windings, one 
ef which is center tapped. This center-tapped winding supplies the high 
voltage to the rectifier tube. The other two secondary windings supply 
filament voltage for the rectifier and bridge tubes. 

f. The use of the gas voltage regulator tube and the low current drain 
on the rectifier permits the use of a simple filtering system. Capacitor C3 
removes much of the ripple from the rectifier output. Any a-c component 


= “not ieetel atrite 
the gas voltage regulator tube and its 


Ae 


g. The filament voltage for the rectifier tube is 5 es instee 


hence 


Section X. TROUBLE-SHOOTING PROCEDURES | 
53. Inivoduction 


No matter how well equipment is designed and manufactured, faults: are " 
bound to occur in service. When such faults do occur, the repairmen 
must locate and correct them as rapidly as possible. This section contains 
information designed to aid those engaged in the important duty of trouble” 
shooting. (Remember, however, that preventive maintenance will minimize ae 
the necessity of trouble shooting. ) 


a. ‘TROUBLE-SHOOTING DaTA. Take advantage of the material suppliedes 
in this manual to help locate faults quickly. Consult the following trouble- — me 
shooting data when necessary. eee 

(1) Complete schematic diagram. This diagram (fig. 30) includes all ~ 
parts and shows all the connections of the equipment. 

(2) Simplified and partial schematics. These diagrams are particularly 
useful in trouble shooting, because they enable the electrical functioning — 
of the circuits to be followed more clearly than on the regular schematics. 

See diagrams in section IX. 

(3) Voltage and resistance data at all socket connections. See section 
XI, 

(4) Illustrations of components. Front, top, and bottom views aid in 
locating and identifying parts. 

(5) Pin connections. Pin connections on sockets, plugs, and on the 
power transformers are numbered or lettered on the various diagrams. 

Seen from the bottom, pin connections are numbered in a clockwise direc- £ 
tion around the suwkets. On octal sockets the first pin clockwise from the 
keyway is pin No. 1. Pin numbers appear on both the schematic diagrams _ #£ 
and the wiring diagrams, so that any tube element can be readily locatea. 

b. TROUBLE-SHOOTING STEPS. The first step in servicing a defective 
radio set is to sectionalize the fault. Sectionalization means tracing the 
fault to the circuit responsible for the abnormal operation. The second 
step is to localize the fault. Localization means tracing the fault to the 
defective part responsible for the abnormal condition. 


54. Test Equipment Required 


- ; The following equipment is needed for testing equipment : 


a. A multi-range voltohmmeter, such as Test Unit I-176, Voltohmmeter 
1-166, or similar types will be satisfactory for most of the trouble shooting 
involved. 


b. A source of voltage, both alternating and direct current. 
c. 1 resistor (5,000 ohms). 
d. 1 battery, 1.5 volts (BA-23, BA-30, or BA-1). 
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Figure 22, VIVM, top inside view, 


55. Sectionalization 


Note. Read paragraphs 55 and 56 before starting trouble-shooting operations. 


The sectionalization of trouble in the multi-range tester is performed by 
using the following procedures: 


a. STARTING ProcepuRE. Perform the steps of the starting procedure 
explained in paragraph 9, If an abnormal result is obtained when the 
action in any step is performed, see paragraph 58, starting procedure 
analysis. However, many troubles cannot be sectionalized by the use of 
the starting procedure because the instrument is designed for multiple 
tests and the starting procedure covers only the VI'VM circuits of the 
equipment, 
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Figure 24. VTVM, bottom of chassis. 


Siti is not possible to obtain a deflection of the meter pointer or if 
es are inaccurate on all measurements circuits, the meter is 
ly defective. If this is the case, see paragraph 57 for the instruc- 
on testing the meter. 


Tf the meter itself is not defective and normal readings are not ob- 
L on the d-c current measurements circuit, make the resistance tests 


erke the resistance tests given in paragraph 60c. ee figure 15. 


(4) If the meter itself is not defective and normal readings are not 
__ obtained on the a-c voltage measurements circuit, make resistance tests 
given in paragraph 60d. See figure 17. 


SS (5) If the operation of the VTVM d-c voltage measurements ranges 
are not normal, make the voltage and resistance tests given in paragraphs 


59 and 61. See figure 18. 


(6) If the operation of the resistance measurements circuit is not 

normal, see figure 19 for the simplified schematic diagram. Check the 
_ battery voltage, resistance network, and the switch contacts used in this 
circuit. Make complete voltage and resistance measurements in the circuit. 
_ When making resistance measurements, disconnect the battery, 


c. OTHER Data. Paragraph 56 gives pertinent data which will assist the 
repairman in trouble shooting. Read this paragraph thoroughly before 
‘trouble shooting is started on the equipment. 


56. General Trouble-shooting Data 


_ a. POWER Suppty. When trouble arises in the VT'VM circuits, measure 
Py, the resistance between the No. 8 pin of Tube JAN-6X5 and the chassis 
before applying power. The normal value is approximately 20,000 ohms. 
If this measurement is low, capacitor C3 is either leaky or shorted or some 
other defect is present, If this measurement is normal, power may be 
applied providing Tube JAN-6CS5GT/G is not defective and the resistance 
tests given in paragraph 59 are normal. 


b. Tuses. Check the tubes before making extensive measurements. A 
tube tester may be used but the best test for a defective tube is the replace- 
ment method, that is, substituting a known good tube for each tube to be 
checked. After testing, return each good tube to its original socket. 


less a calibration artteftgentes is eteine aE See section 
attempting to calibrate the instrument. 


57. Meter Testing ‘ 4 
To test the meter movement, take the following steps: 


a. Remove the instrument from the cabinet. 


switches. lf the leads and switches are Nonna check the meter moveme 
as explained below. - 


d. Connect a 5,000-ohm resistor, a 1.5-volt battery, and the meter in 
series, observing proper polarity. See figure 25. All other meter leads must 
be disconnected. The meter should show approximately a three-fourth | 
scale deflection. If it does not, the meter is defective and must be replaced. ~ 


Caution: NEVER USE A HIGHER VOLTAGE OR LOWER ~~ 
RESISTANCE THAN SPECIFIED OR THE METER WILL BE. 
DAMAGED. * 
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Figure 25. Meier testing circuit. 


he pilot light does not go 
on and no movement of the 
meter pointer is perceptible 
as the tubes warm up. 


_(b) The meter pointer does not 
“eas return to approximately 
Ba center-scale zero. 


(c) The meter pointer stays off 
scale. 


(d) The meter pointer swings 
normally but the pilot lamp 


does not light. 
“Pe. 


% 


Probable causes of trouble 
(a) 1. Plug of a-c line cord not 
inserted into hot socket. 
2. Burned-out fuse. These 
fuses are located in a-c 
line cord plug (fig. 6). 
3. Defective a-c line cord. 
4.°Tube JAN-OD3/VR-150 
not inserted in its socket. 
5. Defective Tube JAN- 
OD3/VR-150 tube or 
socket. 
6. Defective switch 
tacts. 
7. Defective transformer T1. 
8. Broken connection in cir- 
cuit of transformer Tl, 


(b) See step 8c, below. 


S3 con- 


(c) See paragraph 56 for general 
trouble-shooting data. Make 
resistance and voltage mea- 
surements given 


graphs 59 and 61. 


in para- 


(d) 1. Burned-out pilot lamp bulb. 

2. Defective pilot lamp socket. 

3. Broken connection in pilot 
lamp circuit, 


up, the pointer on the n 
- does not remain stationary. as 


UE Defective or ope 
in grid circuit. 
5. Defective _ potentic 
R36, R33, or R 
not disturb potent 
ters R33. or R43, uw 


to bene the meter ciiiter to center scale. 


‘Normal indications ied 

(1) Clockwise rotation of control causes the pointer to swing to the 
right (R). Ree 

(2) Counterclockwise rotation of control causes pointer to swing to the a B 
left (L). 5 

(3) The pointer will rest at approximately center-scale zero when the ~ 
control points at the R arrowhead. = 


Abnormal indications . Probable causes of trouble — | pi 
(a) The rotation of control does (a) See probable causes of trouble a 
not cause any movement of under b (2) (e) above. Se 
pointer. es | 
(b) Any possible adjustment of (by t= Poor tube: . 
control fails to bring meter 2. Defective part or connec- 
pointer to center-scale zero. tion. 


3. See probable causes of 
trouble under b (2) e 
above. 


d. Step 9. Rotate the master-range selector switch to each of the other 
five voltage ranges. 
Normal indications 
(1) Meter pointer will remain within one division of center-scale zero at 
any position of switch on voltage ranges. 


a. 
eS 
a 


on all ranges. 


Abnormal indications 


mally when switch is placed 
in 2000 MEGS. position. 


(b) Pointer swings normally on 
2000 MEGS. range but does 
not swing normally on one 

, or more of the other ranges. 


i 
een os Detective: tesior in cire. 


cuit (fig. 18). 

3. Loose, dirty, or corroded 
connection. 
4. Loose, dirty, or corroded 
selector switch contacts. 
5. Make resistance and volt- 
age measurements given 
in paragraphs 59, 60e, 
and 61. 


, p Sree 10. Rotate the master-range selector switch to the 2000 MEGS. 
Dp ositic on 1 and then to the other resistance ranges. 


Normal indications 


Probable causes of trouble 
(a) 1. Defective switch contacts 
(SPF 

2. Open resistor R27. Check 
this by rotating switch S2 
to one of the other re- 
sistance ranges. 

“If the resistor is defective 
and the switch contacts 
are not at fault, the me- 
ter pointer will swing to 
the right on the other 
ranges. 

3. Broken connection between 
tap on potentiometer R36 
and the positive terminal 
of dry-cell battery. 


(b) Defective resistor or switch 
S2 contacts for the range 
showing the abnormality 
(see fig, 19 for circuit). 


f. Step_11. Rotate the OHMS ZERO ADJUST control until the 
meter pointer rests at the infinity mark (oc) on the OHMS scale. 


~ Normal indications 


(1) The meter pointer will rest on the infinity mark at one setting of 


the control. 


and 61. as 
ae Poor Tube JAN-6C 


bridge or meter 


of figure 19, 
4, 
5: 
Vis 
8. Defective poténtiome aay ah 


R36 or R39. 


9. Defective calibration con- 
trol (potentiometers R33 _ 
or R43). Do not disturb 
these controls unless all 
other tests indicate that 
one of the controls is out 
of adjustment or defec- 
tive. 


10. See section XIII. 


11. Make voltage and resistance 
tests given in paragraphs 
59 and 61. 


Me 


f 


g. Step 12, Rotate the OHMS ZERO CHECK switch to the OHMS 
CHECK position and the V.T.V.M. ZERO ADJUST, control until the 
meter pointer rests at zero on the OHMS scale. Then release the OHMS | 
ZERO CHECK switch. ci = 


st , “eens —. 


on S scale wa Poniont 
T control when the OHMS ZERO 
in 1 the OHMS CHECK position. 


Probable causes of trouble 
(ay al Poor batteries. Total bat- 
tery voltage should be 6 
volts (1.5 volts per cell). 


i) 


. Defective contacts on switch 


S3. 


ies) 


. Broken connection, 


4. Defective potentiometer 
lees) 


. Defective contacts on 
switch S2. 


on 


6. Poor connection in circuit 


(fig. 19). 


Normal indications 


0) Explained under action for step 13 above. 


Abnormal indications Probable causes of trouble 
(a) Any settings of controls fail (a) See probable causes of trouble 
Bee: to bring meter pointer to under steps 11 and 12 
LS proper settings. above. 


1. STEP 14. Rotate the CIRCUIT SELECTOR switch to the AC. V. 
DB. position. The meter pointer will return to the zero mark on the A.C. 
or D.C. scale. If not, see step 4 of the starting procedure. 


Section Xl. TEST AND ANALYSIS DATA 
My 

59. Resistance Measurements from Tube Pins to Chassis 

In the chart below all values given are in ohms; values are approximate. 


Measurements have been made with master-range selector switch in the 
600V. position and with the CIRCUIT SELECTOR switch in the 


_V.T.V.M. OHMS poate . In addition, th 
and the battery voltage source was, removed Se 
was removed from the a-c power source. | 


y ~ 


he pl 


Tube 
PinNo. | TAN-6CSGT/G “‘JAN-6X5 
1 0 4 NG ei 
2 0 20,000 
3 14,000 260 
4 *NC NC 
5 560,000 260 
6 *NC NC 
vi 0.2 20,000 
8 4,000 20,000 
cone Aaanity! 


*NC means no connection 


60. Other Resistance Measurements 


The following subparagraphs show various resistance measurements which 
are of value during trouble shooting. | 


a. TRANSFORMER RESISTANCE MEASUREMENTS. All values given below 
are approximate. The plug on the a-c line cord was removed from the a-c 
power source. Measurements were made with tubes in their sockets. 


Primary winding (measured between transformer terminals ee 


ING. 7 and Vee 5 a a Rare mete ec we = ay See 10.5 ohms Dib 


High-voltage secondary winding (measured between trans- . 
former terminals No. land 5)........ eS i ors 520 ohms 


Rectifier filament winding (measured between transformer 
terminals: NosiS-diided Oyster ce erence ee en 0.2 ohms 


Filament winding for 6C5GT/G tube (measured between 
transtorimer termitials 7NOs 2, and a-p) eee kre se oe eee 0.2 ohms 


b. RESISTANCE MEASUREMENTS IN CURRENT MEASUREMENTS CIRCUIT. 
It is not necessary to remove the chassis from the cabinet for these tests. 
The plug on the a-c line cord was removed from the a-c power source for 
these measurements, All values are approximate. 


Caution: Make these tests with the CIRCUIT SELECTOR switch 
in the V.T.V.M. OHMS position. 
Between pin jacks*inarkedel Z9A MPS 20 e. cine ve ieee 0.04 ohms 


Sates is Gels is ieee) sels) lel») «fe .4 ©) ee ¢ 12 6 ¢) @)-=-s a 6 2,0 = 6 © 


Between +6000V. and +1200V. pin jacks............ 
— Between +1200V. and + EXTERNAL TEST pin jacks 600,000 ohms 


. Between the + and — EXTERNAL TESTS pin jacks for 


the following positions of the master-range selector 
switch: 


I Fo ee oie ole site's wakes ie wce we 3,100 ohms 
a IR SE ee nr, te) fe meee aS nae TG bod woe 8 es 6,200 ohms 
UN ae a OI ee kAT Soa os « 12,400 ohms 
Os cay Sick Sere ae eee ame ce 62,000 ohms 
a 8 a. oy cr elie es 2s eas 910,000*ohms 
en OR RE PNT oct che ee age od ccc'e Sve Oh eb 620,000 ohms 


*d. RESISTANCE We Geen ror A-c VoLtacr Rances. When mak- 
ing the following measurements it is not necessary to remove the chassis 
from the cabinet. All values are approximate. Measurements were made 
with the plug of the a-c line cord removed from the a-c power source. 


Caution: \When making measurements, use only the higher ranges of 
the test ohmmeter. Otherwise, the meter on the multi-range tester will go 
off scale and possibly damage the meter movement. 


meoveen — OO00V. and +1200V. pin jacks............. 4.8 megs 
Between + 1200V. and + EXTERNAL TESTS pin jacks 600,000 ohms 
Between the + and — EXTERNAL TESTS pin jacks for 

the following settings of the master-range selector switch: 


OVE. re cect nk iake dn ee ey keane Wo ce hea 3,300 ohms 
RIE NSA gh eet IRL Lai ON aa Ra aE 6,600 ohms 
ON Rr ML IBLES. SRO 5 nai rato aaa ANU A 13,200 ohms 
OO VE Ms. Ses Een Tig Pk cree ice Cgiceaae 66,000 ohms 
UN) \armeeee So, ron, 5 PARES oo esa Was cen cate sey 330,000 ohms 


GONE ace. MS hae, op Se crate se Pod 660,000 ohms 


teries are disconnected. 


Between the 6000V. and 1200 VSpinsjacksi5 2s ieee eae 
Between the 1200V. and +V.T.V.M. TESTS pin eae é 
Between the No. 1 contact of the plug on the circuit isolat- 

ing test leads cable and the prod on the same cable.... 
Between the = and GND. V.T.V.M. TESTS pin jacks. . 
Between the MEGOHMMETER pin jack marked HIGH 
and the V.T.V.M. TESTS pin jack marked GND. for 


the following settings of the master-range selector switch: 


BR SEL oN ES es ea Cree ee 
GV ee Sie a ee 
12 Vinee A a oe Gr Cie ee pears . 
GOVE Se eR 6 ae eae ee 600,000 ohms — 
300 Veins hoa tors se ea ee eee 120,000 ohms 
BOOV Aye ST RL, BE ee eee cee 60,000 ohms — 


61. Voitage Measurements from Tube Pins to Chassis 
In the following chart all voltages are direct current unless otherwise 
noted. All values are approximate. Measurements were taken with tubes 
in sockets with the master-range selector switch at the 600V. position — a 
and the CIRCUIT SELECTOR switch at the V.T.V.M. OHMS posi- 


tion. Measurements were made with a 1,000-ohms per volt meter, e 


Tube 
Pin No. TAN-6CSGT/G r JAN-6X5 JAN-OD3/VR-150 
| 0 : 3 
2 0 330 v 0 
3 135 v 270 v ac ac 
4 0 0 : 
i oe ca) Se 
6 0 Pah ONE or ae 
7 6c 330 v - ac 
3 pie 330 v 0 


us et of the eulibtating potentiometers. 
gee a: ‘Connections. Before a part is unsoldered, note the position of the 
dead Tf the part has a number of connections, tag each of the leads. 
_ b, DAMAGE To LeapDs. Be careful not to damage other leads by pulling 
( re ipishing them out of the way. 
— ¢. SOLDER Drops. Do not aliow drops of solder to fall into the set. They 
may cause short circuits. 
~ d, PROPER SOLDERING. A carelessly soldered connection may create a 
new fault which is one of the most difficult faults to find. Do not use acid 
core solder in making repairs. 
‘ : e. GENERAL. The failure of one part may be due to a defect in some 
aa other part of the circuit. Do not replace a defective part if the cause of its 
ome failure is not also corrected. 


- 63. Operation Check 
7 After the instrument has been repaired, the following tests may be used 
to determine if its operation will be satisfactory : 
ee a, Make voltage measurements by connecting the repaired. instrument 
| and a good instrument to the same voltage source. Connect both instru- 

ments to the source at the same time to eliminate. the effect of possible 

difference in loading. Make measurements on both D.C. and A.C. ranges 
- using several different values of voltage. Both instruments should read 
approximately the same for each test. 

b. Take voltage readings from the same source but using different 
voltage ranges. For example, 2 volts will give a satisfactory deflection on 
both the 3-volt and 6-volt ranges. Other values will give satisfactory de- 
flections on other ranges. Readings obtained from the same source on suc- 
cessive ranges should not vary more than 5 percent. 

c. Make resistance measurements on assorted resistors. However, do 
not connect two meters across the same resistor. These measurements 
should be made individually. 

d. Tf the second instrument will measure current, the two may be con- 
nected in series with a source of voltage and a variable resistor (fig. 26). 
Both instruments should indicate approximately the same current on all 
ranges. Start the test with the variable resistor adjusted for maximum 
resistance, 


S 


é. it the Beton instrument do 
current, the following test may be used: 


(1) Connect a battery and resistor in series and I 
flow. | Tite 


(2) Measure the battery Spare with the Teron connecte 
(3) BESBSITS the resistor with the battery disconnected. 


I = E and solve for the current flow. The calculated vale and 


Ria, 
4 


give a fair unoromiagen 


: INPUT EXTERNAL 
TE RINA SS peolS 
= = 


INPUT TERMINALS. 


INPUT TERMINALS OF MODEL EV-IO-MCP — 


OF SECOND FOR D-C CURRENT — 
INSTRUMENT MEASUREMENTS _ 
FOR D-C CURRENT 
MEASUREMENTS ai, 
rON, 1,000 
TLNS70-S 


Figure 26. Method of testing the d-c current measurements circuit. 


64. Rustproofing and Repainting Bee 
If the finish on the cabinet has been badly scarred or damaged, prevent = 
rust and corrosion by touching up the bared surface as follows: 


a. Clean the scarred surface down to the bare metal. Use #00 or #000 
sandpaper to obtain a bright, smooth finish. 


Caution: THE USE OF STEEL WOOL INSTEAD OF SAND= 
PAPER IS NOT RECOMMENDED. MINUTE (PARTICLE Ses 
THE METAL FREQUENTLY -ENTER: THE CABINETS 
CAUSE HARMFUL INTERNAL ELECTRICAL SHORTING OR 
GROUNDING OF CIRCUS: 


b. When a touch-up job is necessary, apply paint with a small brush. 
When numerous scars and scratches warrant a complete repainting job, 
remove the chassis and spray paint over the entire cabinet. Remove rulee 
from the case by cleaning corroded metal with dry-cleaning solvent 
(SD). In severe cases it may be necessary to use dry-cleaning solvent 
(SD) to soften the rust and sandpaper to complete the preparation for 
painting. Paint used will be authorized and consistent with existing regu- 
lations. 


c Eriplifctied at a depot shop. 


ao 


n the event of a short-circuited condition, one of the other parts in the 
circuit will usually fail first. If, however, one of these controls do require 


replacement, use the following procedure: 

a. Unsolder the connections to the control. 

peas? , 

-___-b. Remove the control from the terminal board. 

Fig x . 

oy Note. Do not disturb the position of the movable arm on the control when performing 
. se the above steps. 

a ~ ¢. Note the position of the movable arm on the control. Then adjust 
the movable arm on the new control to approximately the same physical 


position. 


d. Mount the new control on the terminal board. 
e. Solder the connections in place. 


f. Place the equipment in operation and check the accuracy of meter 
readings by measuring voltage or resistance of known value. 


g. If the readings are normal, no further work is necessary. If, how- 
ever, the readings are abnormal, recalibration is necessary ; use the pro- 
cedure given in paragraphs 67 or 68. 


67. Emergency Calibration of A-c Voltage Measuring Circuit 


Potentiometers R28 and R30 (figs. 9 and 23) are used for this operation. 
_ » Use the following procedure : 


‘a: Remove the seals from the shafts of the two controls. 


b. Measure the resistance of resistor R1. It should be approximately 
3,000 ohms. Note on a piece of paper the exact resistance value. 


¢. Set the CIRCUIT, SELECTOR switch at the A.C.V. DB. position. 


d. Set the master-range selector switch at the 3V. position. 


is complete. If it does not, adjust aoraonicten R30 until the n 
ing shows the value of the applied voltage. 


g. Repeat the instructions given in e and f above several times: 


terminals has the same value as that noted for resistor R1, and a 
meter registers accurately the value of an applied voltage. 


h. If the value of resistor R1 is normal, this calibration will serve for 
all a-c voltage ranges. 


Note. The resistance of R1, if normal, will be one-half the resistance of R2, one 
sixteenth’ the resistance of R3, one-eightieth the resistance of R4, etc. ee 


68. Emergency Calibration of VTVM Circuit 
Potentiometers R33 and R43 (figs. 11 and 23) are the calibration controls 
used in this operation. Use the following procedure: ui 


a. Perform steps 1, 2, 3, 4, 5, and 6 of the starting procedure given i in S 3 
paragraph 9. Do not perform steps 7 through 14. eS 


b. Rotate the OHMS ZERO CHECK switch to ON position and allow : 


the instrument to warm up for approximately 15 minutes. 


c. Leave the V.T.V.M. ZERO ADJUST control with its pointer at the 
R arrowhead throughout the adjustments given in this paragraph. 


d. Rotate potentiometer R43 to its maximum clockwise position. 


Note. Clockwise rotation of either R33 or R43 is determined when viewing control 
from the rear of the chassis or when facing the screw-driver slot on the shaft of the 
control. It will be necessary to break the seals of these controls before adjustments 
can be made. 


e. Rotate potentiometer R33 until the pointer of the meter rests at 
center-scale zero. 


f. Connect a source of d-c voltage of known value (3 volts or less) Re 
the V.T.V.M. TESTS terminals and note the meter reading on a. piece 
of paper. Then reverse the polarity of the input voltage and again note the 
meter reading on the piece of paper opposite the first reading. These read- 
ings will probably be the same, except for polarity. 


g. Disconnect the d-c voltage source. Rotate R43 approximately one 


‘ 
y r Pee \ 
~ e x 

‘ pe 
< yo ae 


ie 5 . © I 
"a Ce hs.) : f . 
in f above and note the new readings 


given 


e instructions of subparagraph g and then the instructions 
igraph f above until R43 has been rotated to its maximum 
lockwise position. Note each time on the piece of paper the read- 


ob rine 1 when the d-c voltage source is connected. 


, re from the record kept, the position of R43 where the correct 
lage. reading was obtained. Return R43 to approximately this posi- 
id ‘res et R33 for a center-scale zero reading. 


rally, measure the known d-c voltage again. The reading should 


ontrols. When making these adjustments, use the same general 


Lag 


dure given in subparagraphs f and g above but move R43 in steps of 


69 3 Checking Resistance Ranges after Calibration 


ter the calibration given in paragraph 68 above has been made, the re- 


a. Perform the first 13 steps of the starting procedure given in para- 


NS 


graph 9, 


db. Measure known values of resistance at different settings of the mas- 
ter-range selector switch and check the accuracy of readings. 

- ¢. When the instrument is properly calibrated, the pointers of the 
= V.T.V.M. ZERO ADJUST and the OHMS ZERO ADJUST controls 
4 will be approximately upright after step 13 of the starting procedure is 
performed. In addition correct resistance measurements will be obtained. 


70. Unsatisfactory Equipment Report 

a. When trouble in equipment used by Army Ground Forces or Army 
Service Forces occurs more often than repair personnel feel is normal, 
War Department Unsatisfactory Equipment Report (WD AGO Form 
468) should be filled out and forwarded through channels to the Office 
_ of the Chief Signal Officer, Washington 25, D. C. 

b. When trouble in equipment used by Army Air Forces occurs more 
often than repair personnel feel is normal, Army Air Forces Form 54 
should be filled out and forwarded through channels. 

c. If either form is not available, prepare the data according to the 
sample form reproduced in figure 27. 


com, 


center-scale zero, 


WAR DEPARTMENT 
UNSATISFACTORY EQUIPMENT REPORT 


TECHNICAL SERVICE 


Signal Corps MATERIEL 
ORGANIZATION STATION 
175 Signal Repair Co. APO 102 
NEXT SUPERIOR HEADQUARTERS STATION TECHNICAL SERVICE 
Supply Sec, Hq Fourth Army Sig Sv. APO 110 Signal Co 
COMPLETE MAJOR ITEM 


vomenctature Radio Pransmitter | TYre 
BC-123-A | Ground, vehicular 
MANUFACTURER us A REG no.Oyrder No. Heol No 
American Redio Corp 1224-Phila-45 2345 : 
EQUIPMENT WITH WHICH USED (if applicable) © 
Radio Set SCR-456~A Tank, Medium, M4 
DEFECTIVE COMPONENT—DESCRIPTION AND CAUSE OF TROUBLE. 
part No. Sig C TVPE Capacitor ea eee MANUFACTURER 
Stk.No. 3847-2 | 1-mf; 500 vdew American Radio 


DESCR'PTION OF FAILURE AND PROBABLE CAUSE (If additional space is required, use back of form) 


DATE RECEIVED 


an 4 


DATE INSTALLED 


ieie 


DATE OF INITIAL TROUBLE 


15 Jan 45 


MONTHS | DAYS 


BRIEF DESCRIPTION OF UNUSUAL SERVICE CONDITIONS AND ANY REMEDIAL ACTION TAKEN 


Operation in tropics; heavy rainfall. Was Penieces and set given moistureproofing 
and fungiproof ing treatment, 20 Jan 45, 


TRAINING OR SKILL OF USING PERS ONNEL | RECOMMENDATICNS (If additional. spuce is required, use back of forta) 


Substitute capacitor deslgned for tropical operation 
ORIGINATING OFFICER 


occa ars 


TYPEC NAME. GRADE AND ORGANIZATION 
E,A. WILSON, 1st Lt. ,Sig © 
175 Sig Repair Co. 


FIRST ENDORSEMENT 


] TECHNICAL SERVICE OFFICE 


TO CHIEF | | 


NAME GRADE ANC STATION STATION 


Instructions 


I! is imperative that the chief of technical service concerned be advised at the earliest practice? moment of any constructions), design, or opcrsticne! defect in matériel, 
This form is designed to facilitate such reports and to provide a uniform method of submitting the required data. 


2 Thia form will be used for reporting manufacturing. design. or operations! defects in matériel. potroleum fuels, lubricants, and preserving materials with 3 visw to 
junproving and correcting sucb defects, and for use in recommending modifications of matérici. 


3. This form will not be used for reporting failures, isolated material defects or malfunctions of matérici resu)ting from fatr-wear-sad-fonr or accidente] Gamage ner for the 
replacement, repair or the issne of parts acd equipment, It does not replace currently authorized operational or performance records. 


4 Reports of malfunctions and accidents involving ammunition will continue to be submitted as directed ia the manner described in AR 750-10 (change No. 3). 


6. It will not de practicable or desirable in ail cass to fill ol! blank spnees of the rerort. However, the report should be es complete as possibie in order to cxnedite neces 
sery corrective action, Additional pertinent information aor provided for in tho blaax spaces should be submitted as inclostres to the form. Photographs, sketches, 
or other illustrative materia] are highly desirable. 


6. When cases arise where It is necessary to communicate with a chief of service In order to assure safety to personnel, more expeditious means of communication are 
suthorized This form should be used to confir=1 reporis made by more expeditious means, 


2. Whis form wi!] be mado out ip triplicate by using or service orgauization. Two copies wil) be forwarded direct to the technical service; one copy will be forwarded 
through commacd channels. 


. Necessity for using this form wil] be devermined by the using or service troops. 


W.D.,A.G.O. Form No, 468 ‘This form supersedes W D., A. G O. Form No. 468, 1 December 
30 August 1944 1943, which may be used until existing stocks ara exhausted. 
TLISSEO 


U 5. GOVERNMENT PRINTING OFFICE 16—41546-1 


Figure 27. Sample of WD AGO Form 468 (Unsatisfactory Equipment Report). 


Section XIV. DIAGRAMS 
Complete Schematic Diagram (See fig. 30.) 
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RMA 3-DOT COLOR CODE FOR 
MICA-DIELECTRIC CAPACITORS 


SIGNIFICANT FIGURES 
FIRST SECOND 


beara] 


DO @ 


MULTIPLIER 


Capacitors marked with this cade nase a ollage cating of S00 
volts 


RMA 6-DOT COLOR CODE FOR 
MICA-DIELECTRIC CAPACITORS 


25 : SIGNIFICANT FIGURES 
FIRST cats yey 


2 | 2° oe 


Tits ; VOLTAGE Q~. Bie MULTIPLIER 


ok RATING 
alae TOLERANCE 


ea 


7 RMA COLOR CODE FOR TUBULAR 
mt CERAMIC-DIELECTRIC CAPACITORS 


*CAPACITANCE SIGNIFICANT FIGURES 
TOUMANCE ro FIRST erik THIRD 


“ TEMPERATURE 


COEFFICIEN) MULTIPLIER 


Caparnors tearked win this code have a vollage rating of S00 
.olts 


UWA KadicG Manulacturers Assuclalon JAN Joint army inavy 


Note These color codes give all capacliances In micromicrularads 
fiem> marked with an asterish are of wWilerest primarily to aepor ana 
fighes echeion repair persunne) 


Co or eedces(See igs. 28 and 29.) 


JAN 6-DOT COLOR CODE FOR 
PAPER-DIELECTRIC CAPACITORS 


SIGNIFICANT FIGURES 
THESE DOTS | a pe 


ARE ALWAYS 
SILVER SE@ + 


Se ef 


* OPERATING 
TEMPERATURE 
RANGE 


TN SS marre 


The sulver dots serve to identify this marking For working volt. 
ages see JAN type designation code 


JAN 6-DOT COLOR CODE FOR 
MICA-DIELECTRIC CAPACITORS 


SIGNIFICANT FIGURES 
THIS DOT FIRST SECOND 


IS ALWAYS (i 


TE! 
BLACK Te @ 
+O SO 


CHARACTERISTIC 


AULTIPLIER 


aaa TOLERANCE 


The black dot serves co identify this code For working voltages 
see JAN type designagion code 


JAN COLOR CODE FOR FIXED 
CERAMIC-DIELECTRIC CAPACITORS 


SIGNIFICANT FIGURES FIRST SECOND 
yf Msi“ INSULATED) 


— ~ 


“TEMPERATURE 
COEFFICIENT > MULTIPLIER 


oS CAPACITANCE 


_-— _ VOLERANCE 


SIGNIFICANT FIRST SECOND 


FIGURES ‘UNINSULATED) 


Capacitors marked with this code have a voltage raung of 500 
vults Either the band us dol cude may be uSed. 


MULTIPLIER 2 kMA 


SIGNIFICANT 


FIGURE RMA MICA-AND 


CERAMIC-DIELECTRIC 


JAN MICA-AND JAN CERAMIC. VOLIAGE 
PAPER-DIELECTRIC DIELECTRIC 


1 


Ww 


10 


490 


1,006 | 


1,000 


YELLOW _ [ 30,000 


GREEN 160,000 


BLUE 1,000,000 


VIOLET 10,000,000 


100,000,000 
1,000,000,000 


bod- Ft Mun. -6-6-45--90u 


TLIZ417A 


Figure 28. Capacitor color codes. 


73 


RMA COLOR CODE FOR 
FIXED COMPOSITION RESISTORS 


SIGNIFICANT FIGURES: \ 
a (BODY) rahe (TIP) 


WX WY, 


NEN SY 


| 


MULTIPLIER 


| 
sa 


FIRST SECOND TOLERANCE 


SIGNIFICANT FIGURES 


Insulated fixed composition resistors with axial leads are desig- 
nated by a natural tan background color. Non-insulated fixed com- 
position resistors with axial leads are designated by a biack back- 
ground color 


TOLERANCE 


SIGNIFICANT 
te (PERCENT) 


MULTIPLIER 


1,000 
30,000 


100,000 


*°JAN ONLY 


FIXED COMPOSITION RESISTORS Sn ‘ 
wart he: 


MULTIPLIER 


TOLERANCE 


FIRST SECOND 
SIGNIFICANT FIGURES 


SIGNIFICANT FIGURES 
FIRST SECOND 


TOLERANCE | 


MULTIPLIER 


Resistors with axial leads are insulated. Resistors with radial ‘ 
leads are uninsulated. x 


Example A 50.600-ohm resis’ sr with a standard tolerance of 20 
percent (no color) would be indicated by a green ring (5) a black — 
ring (0), and an orange ring (009) 


RMA Radio Manufacturers Association 
JAN Joint Army-Navy 


Figure 29. Resistor color codes. . 
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s st of Ttems ae ee eae 


PM 11-321, Test Set 1-56-E. 


TM 11-472, Repair and Calibration of Electrical Measuring Instru- 
ments. 


TM 11-1204, Test Set I-167. 

TM 11-2532, Test Set I-153-A. 
TM 11-2613, Voltohmmeter I-166. 
TM 11-2626, Test Unit 1-176. 
TM 11-2627, Tube Tester I-177. 


5. Shipping Instructions 
U.S. Army Spec. No. 100-14A, Army-Navy General Specification 
for Packaging and Packing for Overseas Shipment. 


 aaipaiaas 

TM 3-220, Decontamination. 
—— 

7. Demolition — 


FM 5-25, Explosivesand Demolition. 


“hy 


FM ot: an List of Training - ‘ilm 
Be lGelos ‘Moistureproofing and 
Equipment. Ke 
TB SIG 66, Winter Maintenance of Ground 1 Sigal 


T™T™ foie Electrical Fundamentals. 
TM 11-453, Shop Work. 

TM 11-455, Radio Fundamentals. 

TM 11-462, Reference Data. — 

TM 37-250, Basic Maintenance Manual. 


9. Forms 
WD AGO Form 468. 


Army Air Forces Form 54. 


10. Abbreviations 


The following abbreviations are used in this manual : 


a-c alternating-current ma milliampere 


amp ampere meg megohm 

d-c direct-current mf microfarad 

db decibel mw milliwatt . 

co infinity rf radio frequency — ‘ 

i-f intermediate-frequency r-m-s root-mean-square ee Ss 

JAN— Prefix designation for Vv volt a =: 
radio electron tubes VTVM vacuum- ‘tube voltmeter — 7 


procured under joint 
Army-Navy Specifica- A ESR ASO 
tion JAN-1A W.V. working voltage 


M 1,000 ohms : vay ohms 


\ 


ne a aoe | 
information was compiled on 29 March 1945. The appro- 
n of the ASF Signal Supply Catalog for Vacuum Tube Volt- 
cision Model EV-10-MCP) is: 


Sig. C Stock No. Description 
275877-5 LAMP, pilot 
2J6C5GT TUBE 
2J6X5 GBR: 
2J VR-150-30 TUBE 
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aa sate 2s 
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CIRCUIT 
ISOLATION 
TEST LEADS 


ALLIGATOR 
CLIP 


VTVM PROBE 
3v TO 600V ONLY 


GND, 


V.TV.M TESTS Q 


1200V. 6 


6000V e 


V.T.V.M 
TERMINALS 


DO MICROAMPERES 
- MILLIVOLTS 


4 Wi 


EXTERNAL 


(-) Tests 


R42 
1062 MEG 


1 
WATT 


AG - 0G. VOLTS -pB.-Ma TERMINALS 


OUTPUT 
poet ) (+) + 6000V (++) +1200V 
cs 
a ike 3V TO 600V ONLY RT Ré 
600 V ss 
48MEG zWATT 600M 4 WATT 
Rt Re R3 R4 R5 
: : 
é 3M 6M 48M 240m {,300M 
MASTER RANGE— w-W Ww fewatt [iwatt _ [2 WATT 
SELECTOR SWITCH eee) eae ir A O 
ene Cae O 
cae, at O +3408 +4008 
ae +20DB 


\ 
e 
y 
=k eon’ 
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° 
is] 
a 
) 
O 


COPPER-OXIDE RECTIFIER 
R28 


mi ter 


a |r| 
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fd pee ite 
ao peietios ial oat 
: 6 ave 
| 
l 
O O 


emcees ame ame ame \ come 


, 60M 
WATT 


3 MEG 


480M 
= WATT 


2.4 MEG : 
WATT 


1 
2 WATT 


8500.0. 
w-w 
R32 
500M 
& WATT 
R35 

4 ca 
002 0.002 pieeetia 


MF MF 
$00V 600V 


JAN-6C5GT/G 


CIRCUIT 


SELECTOR 
SWITGH 


(+) 12 AMPS. C) 
RQ R8 
0.36. W-w 0.042 W-W 
Ril Ri2 R13 RI4 RIS 
@ y 4 2 
122 | 64n 32 205. 6405. 
—---—-—H™ |] Ww W-wW W-W W-W 
O naaela ~~ oe 
C) O pal) el a a 
1200MA Ae 
300MA. coma A rege tut 
12MA ban 
O 
> O O 3MA ] 
RIO 0 6 MA I 
2672. © | 
COms 
= — j a 
Rl bos ~OE¢ yy 
20000. _—— k 
200MN. ee \ | 
RX! 2 MEGS. eet raha 
RX100 9 20MEGS. ae 
RX1000 | 
O @) RX10,000 200 MEGS. 
ie + ee O 0 RX100,000 s9009 MEGS.| 
R22 R23 met 2 O RX 1,000,000 
20n 200.0, gies 4 RAS) 
“ 20M SS 
ew w-w LWwaTtT “>200M R26 
+ WATT 2MEG Trim 
+ WATT 
R27 
20 MEG 
OHMS 
ZERO 
ADJUST 
B+ 150 VOLTS 
PRIMARY 
115 VOLTS 


50/60 CYCLES 


Figure 30. Complete schematic diagram. 
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' JAN-OD3/VR-I50 NOTE 

ON SOME 
INSTRUMENTS 
THE WIRING 
OF THE A-C 
INPUT CIRCUIT 
IS MADE AS 
SHOWN IN THIS 
DIAGRAM 


es ee oe 
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MEGOHMMETER 


O 


HIGH 


NOTES 
ON SOME INSTRUMENTS, THE CATHODE OF TUBE 
JAN- 6X5 (PIN NO.8) IS CONNECTED TO THE FILAMENT 
(PIN NO. 7) 


SOME OF THESE R VALUES ARE MADE UP OF 2 OR MORE 
RESISTORS IN SERIES 


CAPACITOR VOLTAGES ARE D.C. WORKING VOLTAGE. 
W-W= WIRE - WOUND. . 

1S SYMBOL FOR FIXED CAPACITOR. 
M= 1,000 


LINE PLUG GONTAINS 
TwO I-AMP FUSES 
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